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INTRODUCTORY 

In 1883, Thomas A. Edison discovered that if an independent 
wire or plute were placed batwaan tha logs of the (carbon) filament 
in a lunp, operated on direct curront, a small currant Tfould flow 
from this wira or plate, if it ■wore connactod to tha positive terminal 
of tha lamp. This phonoraenon was called tho "Edison Effect for which 
a patent was issued to him in 1883. 

Edison had noticad that a glow frequently appealed in tho 
bulb when currant was passed through tho filamont while tho lamp was 
being exhausted. It seomud strange that this should occur a3 it ap- 
peared that it was probably due to curront flowing through tha rarefied 
gases in tha bulb, even though there was apparently a much lower re- 
sistance path for tho curront through tho filamont itself. In order 
to dotarmine this he nada several experimental lan^s, somo with a wire 
and others with a plate mounted between the filament logs, connecting 
the plate through a gulvanomoter to ona terminal of tha lamp outside 
tha bulb. A small current flowed only whan tho 6 alvanonetor was con- 
nected to the positiva tarminal. -* - A 'N'ckXy C. 


nothing practical was dona with this discovery until 1905 
when Prof. J. A. Fleming worlcad out his idea of using it for its 
rectifying effect on alternating curront as a detector of radio signals 
in pl&ca of the "coherer" usaa by Marconi. 
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Dr. Leo DoForest made a notable invention, about 1906, by 
introducing a third olemont, tho grid, into a two olomant tube. In 
DeForost'3 throe element tube, which he called an "Audion", the grid 
is placed between the filamont and plate. Sli jit variations in voltage 
impressed on the grid, produce relatively much greater variations in 
the plate current than if 3uch voltage variations were placod direct- 
ly on the plate . 

Both the Fleming valve and the DeForest audion were lim- 
ited in the voltage which could be impressed on the plate without 
causing considerable '•ionization 1 * which limits the useful capacity 
of a tube. For example, the useful capacity of the audion did not 
exceed six milliwatts (six-thousandths of a watt). Through the in- 
ventions of Dr. Langmuir, three element tube3 havo been made with use- 
ful capacities as high as 100 kilowatts, which is over sixteen millions 
time 3 that of the audion. It was Dr. Langnuir*s inventions which made 
broadcasting possible. 

DR, LAUGilUIR* S TORU t^\Y 0 % 

Vo aro used to tho idea of electric current flowing in a 
conductor. When an electric current flows across a gap or open space, 
such as a gap betweon the two electrodes in a tube, wo naturally ask 
what it is through which the currant flows? The answer to thi3 ques- 
tion which satisfied most scientists, until Dr. Langmuir showed other- 
wise, was that the current flowed through an ionized ga3; a gaseous 


/ 
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conductor. It was thus that both Dr. DoForost and Dr. Flowing ox- 
plained that currant would pass through thoir tubas. 

Tha ga3 was regarded as essential to the action and up 
to the time '.vhen Dr. Langmuir's invention was announced, and even 
for a while after, those who had studied the matter most carefully 
were of the opinion that a perfect vacuum would be a perfect insula- 
tor; that no current would flow through it. " 

Among the problems on which the Research Laboratory at 
Schenectady were working, when Dr. Langmuir joined their staff in 1909, 
was the offsetting of drawn tungsten wire. Dr. Langmuir conceived 
the idea that this migjit bo duo to gaseous impurities in the wire, 
and undertook to apply some of the methods which had been developed 
in the laboratory for obtaining high vacuum that ho mi^it measure the 
quantities of gas driven opt of these wires when heated. He had in mind 
the statements, which wore then common in scientific literature, to the 
effect that wiras in vacuum continued to give off gas almost indefinite- 
ly, and that it was practically Impossible, by heating or in any othor 
way, to get metals so free from gas that thoy would not continue to 
give it off. 

Dr. Langmuir did not solve the offsetting difficulty. How- 
ever, he continued the researches on gasss at low pressure and advanced 
still further tha already extraordinarily developed vacuum technique 
of the Laboratories. 


1 
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fcXe&txuS 


Prom 1889 to 1913, Prof. J. J. Thomson, a very d istinguishod 
English physicist, carried on important rosaarchos in tho constitution 
of matter and established tho existence of what ha called a corpuscle. 

73h now call it an oloctron. Ha regarded tho "Edison Effect '• as boing 
initiated by the escape of electrons from the hot cathode. A cathodo 
is tho negative electrode, in this oaso tho hot filament which is the 
nogativo electrode in tho filament-plate circuit. An anode is tho 
positive eloctrode, tho plato in a tubo. 

BICBAHBSOE’S LA TV 

About 1903 Prof. 0. 77. Richardson, than at Princeton Univer- 
sity, developed a law, a mathematical formula which purported to give 
the rate at which electrons are emitted from a hot cathode at various 
temperatures. The number of electrons emitiec depends to a very marked 
extant on the nature of the materia 1 const i tut ing the cathode, on tho 
condition of its surface as wall as the temperature. Dr* Langjuuir 
later shewed that vhot Prof. Richardson mof-sured in developing his law 
in * s the saturation curronts. 

Dr. Lungnuir hfsd devoted a great deal of thought to tho nature 
of tho current that flowed in vacuum tubas. Ho boliovod that tho "Edison 
Effect" might have a consi lorablo influence on tha life of tungsten 
filament lanps. In viow of tho work of Prof. Hichardson it had been 
shown that the Edison Effect was due to electron omission from the end 
of the lamp filament. Dr. Langmuir could not understand why such 
Edison Effect currents did not interfere with the operation of the J.«mp. 
Richardson's law indicated that a hi§& current should flow, which would 
destroy the filament. The experiments of Prof. Richardson hai indicated. 



-5- 


and these have been checked by Dr. Langmuir, that a short length of 
tungsten filamnt, operator .just below the melt ing point , could emit 
as high as an ampere of current. This mi^t cause an additional current 
at one end of the fil<-ment of the same order of magnitude as the fila- 
ment current itself. Dr. L-ngmuir finally found that it was the space 
charge effect .7hich prevented a substantial current from flowing, 

UP” OF GASES 

In the spring of 1912 Dr. L ; ^ngmuir started experiments to 
solve the riddlo. He carried on researches on the "clean up" of gases. 
The vacuum in a la.-qp improves during its burning lifo t tho residual 
gases in tho vacuum largely disappear, "clean up". Ho part icularly 
studied tho clean up which occurred when "Edison current", as it wag 
then called, passed bot.-voon a hot cathode am a euld anode. Ho dis- 
covered that this clean up was affected by tho voltage under which the 
current flowed. 

In July 1912 ho started a new series of experiments. HQ 
know that it was useless to attempt to study tho clean up of gases in a 
tube in which gases wore continually being driven off frcm the glass 
parts and electrodes and because of his knowledge of vacuum conditions, 
his tubes were prepared from ths beginning of those experiments as no 
other tubas had over been prepared bofore. The making of the first tube 
was carried out under his close direction and supervision by his 
Assistant, Hr. S* P. Sweetsor. Nevor before had a tubo been prepared 
so thoroughly free in all its part3 from the possibility of tho evolution 


of gas 
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The tube had two separate tungsten filaments, one for the 
cathode and the other the anode. Thus current could be passed through 
both filaments during exhaust to drive out the gases. 

Various elaborate studies on the clean up of gases woro 
made on this tube. Different quantities of gasos were admitted and 
different voltages applied on tho anode up to 250 volts, while tho 
cathode filament was heated (by passing current through it) so that 
it would emit electrons. An electric discharge was thus made to pass 
through the gases for the purpo33 of studying tho changes which occurred. 
PURE ELECTRON CURRENT 

About a month after these studios of gas cleanup had been 
under way, it was noticed that as tho clean up steadily improved tho 
vacuum, the Edison currant fell until it reached a minimum, remaining 
practically constant oven when tho vacuum condition was still further 
improved. 

A new type of discharge had been found. The voltages used 
were far beyond that in which blue glow ordinarily appeared, yet no 
glow did &ppoar and current did flow; as much as 5 milliampores at 250 
volts which is 1— watts of electrical energy. The current was a 
definite value for a given voltage, irrespective cf further improve- 
ment in tho degree of high vacuum; a substantially pure electron current 
free from ionization. 

Hth the natural skopticism of a scientist, Dr^ Langmuir 
was not satisfied that a puro electron current hsd been obtained and was 
still not cortain that othors were wrong in their belief that no current 
would flow in an absolute vacuum. So ho decided to make a thorough 



investigation in order to got an understanding of tho fundamental lavs 
involvod, and thus sottlo ones and for all whether or not puro electron 
currents could bo obtainod in a practically porfeot vacuum. 

In November 1912, throe tubas wore made from some tungsten 
f ilanant lamp mounts of peculiar structure in that they each had three 
loop filaments connected to four loading-in wires. Those were seleotod 
£or the purpose of using the vaporization of tungsten to obtain further 
cleaning up of the vacuum and so getting a still higher vacuum. By 
passing a heavy current through the middle loop, it would burn out, 
vaporizing tungsten with which the vacuum was further improved and 
leave the other two loops, one for the cathode and tho other for the 
anode . 

In testing these tubes 250 volts wore applied to tho anode, 

the cathode being hoatod, by passing current through it, increasingly 

from 1730° to 3320° Kelvin, tho latter being within about 300° K of 

the melting temperature of tungsten. The tests showed that the Edison 

Current increased with tho temperature reaching a maximum value at about 
o 

2700 K, after which it remained constant. It was also roughly propor- 
tional to the voltage on the anode when the voltage was changed. 

?PACE CHARGE DISCOVERY 

These tubes followed Hichardson's lav up tea certain 
point. Further increase in temperature beyond this point produced no 
further increase in current, thus deviating from the law at this point. 

A study of this was made, and by February 1913 Dr. Langmuir’s reasoning 
h&d avolvod the "space chargo" effect. 
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If we are able to arrange matters so that every electron 
emitted from the cathode passes across to the anode, Richardson’s lav 
will become the law of tho passage of current through the tubj. But 
while thi3 law held over a certain range in filament temperatures, yot 
Dr. Langmuir found that as be raised the fila.unt temperatures something 
always happenod which too.i the control away from Richardson’s law and 
caused the current to become constant at a v lue depending on the 
voltage across the tube. His emission curves, his curves of Ricnurdson's 
law became flat topped; they stopped rising, the law said they should 
continue to riso, but they became constant. This reran ncabl e and un- 
expected phenomenon, which enormously impressed Dr. Lan^auir when ha 
discovered it, is not explained by Richardson’ s la.w, a.nd required 
an entirely new explanation. It is cle..r th,.t something is going 
on in the tuba which prev.enh more than a certain .-mount of current 
passing throuyi it; the current is now limited, not by the electron 
emission from the cathode, but by another phenomenon. This other 
phenomenon, Dr. Langmuir reasoned, is wh. t we now term "space ch- rge". 

hs previously stated, Di*» Langmuir also found that - given 
filament temperature the Current is roughly proportional to the voltage, 
but only up to a certain voltage. He later found that this "rough" 
proportion to the voltage is accurately proportional to the 3/2 powar 
of the voltage (the square root of the cube of the voltage). Thus when 
the filament temperature is high enough to emit sufficient electrons. 


1 
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the flow of curront to tho anode is controlled by the space charge. 

This current can bo varied, depending upon the 3/2 power of the voltage 
applied on the anode, provided this voltage is not so high as to pull 
all tho oloctrons across the tube which ara omitted by the filament. 
Undor thoso spaco charts control conditions, tho tube is being oporated 
bolow saturation, the condition under which a tube is usod in a radio 
rocoiving sot. 

Uhon the tubs is used with a voltage on tho anodo always high 
enough pull over all tho oloctrons orr.it tod, tho anodo current can oo 
varied by varying tho filament (cathode) temperature (tho filament 
temperature being varied by changing tho voltage on tho filament). 

Tho tuba is then operated under tho condition of saturation, tho spaco 
charge no longer controlling as it has been neutralized by tho high 
plate voltage. This is the condition under which Hichardson’s law 
applies. 

DR. COOLIDGE’S X-Hi.Y OT3E 

Prior to this time tho old "X"-ray tubes had essentially two 
oloctrodos to which a very high potential direct curront was appliod. 
Bio cathode was not hoatod; it op ora tod "cold". To produce X-rays of 
any particular penetrating power, or "hardness" as it was c. lied, it 
was necessary to have a particular vacuum; .acertain amount of gas was 
assontial. Curront was conducted by the gas .'.rri. from tho anodo tharo 
is3uod a stream of X-rays. 

There aro certain ionizing actions going on all tho time in 



naturo so that a certain mn'wr of ionized gas .-oleculos aro in tha 
pld X-rty tu'oo. faion electric potential i3 first applied to tha 
torminals of tho tuba, such of thosa ionizod molacul33 in tho tuba 
will bo attracted to tho c;thodo. Striding it, th3y will knock 
out olactrons. Tho so electrons will bo attracted to the anode and 
daring thoir p&ssuga across tho tu’oo mJ-ny will collida 7/ith tho noutral 
gas moloculos prosont, ionizing thorn. Those ionized molecules will bo 
Sttractad to tho cathode and tho cycle rope«_tad. 

It was known that thora was a particular ga3 pressure at 
which tho electrical conductivity of tho tuba was highest, above and 
below this prassuro tho electrical rosistance of tho tuba increased. 

The penetrating' power of tho X-rays depended upon tho volt ago across tho 
tubo and the quantity of X-rays depend od upon tho mount of current 
flowing through tho tuba. 

As previously statod it was necessary to have a particular 
dogreo of vacuum. Unfort unatoly, as tha tubo was usod, its vacuum 
was constantly increasing, due to cloan up. Various expedients woro 
usad to r3duce tho vacuum when it became too high, but with all of thorn 
tha life of tho tubo was limited to about 2 5 hours. 

In December 1912 Dr. Langmuir explained his hot cathodo ro- 
soarchos to Dr. W. D. Coolidgo, who had invented drawn tungsten wira 
and was Assistant Director of the Research Laboratory, suggesting that 
Dr. Coolidgo produco a now X-ray tubo operating on tho principle of 
puro electron flow. Dr. Coolidgo finally succeeded in doing this and 



tho now X-ray tube wont on the maiacot in the latter part of tho next 
yoar (1913). Coc lino's X-ray tube was the first pure electron current 
device (operating above ionizing voltages) ccmmarcially mado. It 
operates unci 3 r tho condition of saturation current at oxtro.noly high 
voltages, 30,000 to lOOyOOO volts. It has entiroly roplacod tho 
old tubo on account of its reliability, ruggedness, ease of manipula- 
tion and its unvarying characteristics. It is probable th t no ono 
of tho mc.ny important inventions \mich h-.a come out of the Eosoarch 
Laboratory of the General Electric Company h<-.s contributed so much 
to the health and confjrt of mankind as Dr. Coolidge's X-ray tube 
which is based on Dr. Langmuir’ s fundamental invention. 

THREE ELECTRODE TU3E 

Another important application of Dr. Langmuir's invention 
followed at once. Late in Junu: ry 1913 Dr. E. F. W. Aloxanderson, 
also a •.veil knotoi momber of the staff of the Laboratory who had made 
important inventions in wiroloss, found that ho wa3 on the track of 
two important inventions. Those wore "gooaot ric” radio frequency 
tuning, so conrnonly used in modern radio receiving sets and a method 
Of modulating the output of his hi^h frequency clternater. A throe 
electrode tu'oe with the new pure electron current 7?as what Dr. 
Alexand9rson needed. For the modulation requirement a tube was 
needed that would modulate real energy and quantities of it. 
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Dr. Langmuir hud a tuoe built which was very much like the 
DeForest audion, the anodo beint, a plate. Ha could not however ex- 
haust the tuba to his satisfaction as ha hud not yot la: mad how to 
got tho gas out of a plata anodo in a small tuba. Previous anodes 
had been tungsten f ilmments which could be h3: tad to vary high tem- 
peratures by passing currant through thorn and so getting tho gas out*. 
Hr. W. G. White than called in to assist Dr. L^-ngmuir in 
February 1913 and a thraa elactrodo tu'oo was made having a f ilamentary 
anodo , thus avoiding solid masses of natal which Dr. L;ngraiir did not 
then iooow how to clean up. about the middle of M-'-rch this tuba was 
completed and it was found that with r,s high as 235 volts on tha 
anodo tho currant was a little over 15 milliamperas, tho tuba operating 
below saturation, that i3, undor tha conditions at vhich tho spaco 
charga still controls its operation, A few duy3 later the tuba was 
tested as a detector for alternating current signals. 

Dr. Langnuir ws s beginning to think of using 10,000 and higher 
voltages on the anodo of tubas 30 the. t with such voltugjs, and the 
currants he should be able to got, very largo amounts of power could 
conceivably be controlled by a thrae element tube. 

About tha middle of IT-y of that year (1913) Dr. Alexanders on* s 
geometric tuning was successfully accomplished 7/ith this first throe 
element tube, together with another similar three aloment tube that 
htd been made. An anode voltage of 125 volts was used. An interesting 



feature of this first tube, ovon after it h;.d boon a'ou30d by some ox- 
trenoly hi^i voltage tests, was its reproduce:^ ility. Tosts made 
in March and afterward in M-.y, with an anode voltage as high as 220, 
showed that there had boon no appreciable change in the characteris- 
tics of the tube during this tine, £ period of two nonths. 

THE HIGH VOLTAGE TU3ES 

In tho latter part of April 1913 Dr. Saul Dushman wa3 al30 
called in to help Dr. Langmuir in hi 3 work, talcing charge of tho high 
voltage development. About the middle of May, Dr. Langmuir demonstra- 
ted to Dr. Aloxanderson a high voltage three element tube which would 
act as a modulator, and indicated that tuos3 might be built which 
would operate up to 10,000 volt3. In July a tube was produced which 
oporated at 10,000 giving 40 mill lamp eras anode currant. In the fall 
a tube was built which, in Dr. Alexanderscn' s laboratory, modulated 
two 'Kilowatts at 10,000 volts. Such tubes, which were called 
"Pliotrons”, are the basi3 of modern radio telephone transmission. 

During thi3 work on high voltage tuoe3 it had been learned 
how to get ga3 out of a plate anode. Dio anode wa3 either first heated 
in a vacuum to a high temperature before it was mounted in the tube, 
or was subjected to a powerful electron ''bombardment” trtien mounted in 
th9 tube having a very high vacuum, or both. This electron bombard- 
ment i3 tho striking of tho plato by tho electrons a3 thoy flow to the 
plate undor the influence of tho voltage on tho plate, their impact 


pasting tho plata .just as repeated blows of a hammer on a piece of 
BQtal will hoat it. If tho voltage on the plats (tho anode) bo high 
enough, several thousand volts, and tho filanont (tho cathode) be hoatod 
high enough so that it emits an abundance of electrons, tho plate be- 
comes heated to a bright red or evjn whit9 heat. Tho combined effect 
Of the bombardment (tho impact) of the electrons and of thehi^i tem- 
perature, is to free the plate from gas. In operating a tube in ser- 
vice, the flow of electrons to tho plate in an ordinary radio receiving 
tube is insufficient to materially raise its t emp i ratu re , but in tho 
large powor tubes used in broadcasting, the hout is sufficient to mako 
the platos rad hot. In a very largo tube tho plate is water coolod. 

The inuodiato commercial oxploitation of the new throe electrode 
tub-o was impossible on account of tho Fleming and DoForoot patents which 
woro still in force, uni for a timo it was thought that the Finning 
patent intarfared with tho sale of the two electrode tube, even the 
Coolidge X-ray tube. But the Fleming patent, it was discovered, was 
limited to high frequency so the X-ray tube was put on the market. 

The successful high voltage three electrode tube led to the 

i 

development of the t’.vo element tube, which was called the "Xanotron", 
that would rectify as much as 100 milliamperes at 100,000 volts. Thpse 
ifere sold for various purposes outside the Flening patent. 
ffiE THRE5 ELECTBODB TUBS AS A GENERATOR OF HIGH FREQUENCY CURRENTS 


Dr. Dushman, in his high voltage development, conducted ex- 
periments with the three electrode tube for the purpose of generating 


Jiigfa frequency currents. 

Consider a condenser which has a coil of wire connected across 
its terminals. If a voltage be impressed on this condenser, the in- 
stant the voltaga i3 removed, curront will flow back and forth 
(oscillate) through the coil and condenser, continuing until the 
energy has bean absorbed by the resistance of the circuit. The frequency 
Of those danpod oscillations will depend inversely on tho inductance 
of the coil and tho capacity of the condenser. Tho frequency can be 
varied within wido limits. 

Suppose this coil and condenser bo connected between the grid 
and filament of a threo alomont tube and that another coil, magnetically 
COuplod to tho grid circuit coil, be connected in tho plato circuit, 

The moment the plate circuit is closed, current will flow 
through the plate coil which will induce a voltage across the terminals 
of the grid coil. This voltago will be impressed on tho grid of tho 
^ube which, if. the circuit be so arranged to make the grid positive, 
fill increase the plato current. The increase in plato curront will make 
a further increase in voltage on tho grid, continuing until tho plate 
Current has reached a maximum. 

Ih9re now boing no further chango in plate current, tho induced 
▼oltngo across tho grid coil disappears. The condenser, however, has 
become chargod by tho voltago induced in tho grid coil and now discharges 
through tho grid coil. The dischapgo of the condonser is accompanied 
by a dsoroasingly positive grid voltaga which reduces tho plate curront, 
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the effect being accumulative us it w;_s during the positive part of tho 
cycle . 

This change in plate currant, passing through tha plata coil 
reacts on tha grid coil through the magnetic fiolu common to both 
coils, tending to keep the oscillations going. Enargy i3 thus trans- 
ferred from the plate circuit to tha grid circuit and the amount so trans- 
ferred must bo net less than tae amount lost in the grid circuit other- 
wise tha oscill.tions V7ill die out. Tha r. mount of transfer of energy 
can bo regulated by the closeness of tho magnetic coupling of tho plate 
and grid coils. 

This ability of the tube to generate high frequency oscillations 
is now usod in all broadcasting stations for the source of power put 
into the antenna. its importance was immediately recognized, so 
numerous a xperimonts ware carried out in th3 attempt to produce a high 
power oscillator. About 1915 a tube rated a t 50 watts and operating at 
4000 to 5000 volts was produced with which wireless telephone conversation 
was carried on between Schenectady and Pittsfield. 

EXPERIMENTAL TUBES 

During the period 1913 to 1915, work was dene oy the Research 
Laboratory on tho design of tubes : nd methods of exh-ust which was 
carried oh by Messrs. W. H. Payne and W. C. White. Until the outbreak 
of tho War, all work on tubes was almost entirely of a research and ex- 
po r imon til n a tu re . 
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During the summer of 1915 radio-tol ephone transmitters had beon 
designed operated from 110 volts direct currant, and in Decambor two 
sots were installed, one on tho battleship Wyoming, tho other on the 
Virginia. Early in lyio those two ships wont on thoir usual southorn 
aruiso and tho radio telephone sots were satisfactorily U30d for experi- 
mental purposes. They had incorporated in them tho method of modulation 
used today. Tho equipments wore not sold to tho Navy, uue to tha 
DeForest patent, but simply loaned to thjQ and later returned. 

During the l£ttor part of 1913, arrangements were made by the 
Research Laboratory to utilize the amateur radio facilities of Hr. E. K. 
Kinney, then of the Railway Department of the General Electric Company, 
at his home in Schenectady. Tubes were set up at Mr. Kinney’s station 
and coda signals received from Honolulu and San Francisco. It is of 
Interest to note that this first set utilized radio frequency amplifica- 
tion and a B eliminator, that is the direct current supply for tho plate 
was obtained from tho alternating current electric service in his home, 
rectified into pulsating direct current by rectifier tubes, the pul- 
sations being smoothed cut by condon3ors. A plate voltage of around 
150 was usod on the tubos. 

During the early part of 1913, arrangements were made with 
Union College, Schon3Ctady, to utilize their facilities. A number of 
exporimsnts wero made leading to tha record ing of signals on a tipo 
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printing machine. This work was continued, during 1514 and it so hupp 3 nod 
that at the outbreak of the Tar in August, this apparatus rocordod the 
mossago from the Goman station at S^yvillo, Long Island, ordering all 
Goman ships and vassal s to proceed 't onco to the nearest nautral port. 
TUBES MADS FOR THE GOYEP.KUSTT DURING THE "£3. 

Prior to tho War, owing to the patent situation, there was no 
cormercial outlet possible for receiving tubes, so that those which w ; ro 
aado experimentally had no st^-adardizud fora of baso, filament dimensions, 
voltages, ate., and no attempt was nudo to design a tube which could bo 
manufacturec’ in quantity at a reasonable, cost. 

Tho coding on of the If r changed this because it w. s early 
recognized by the Signal Curp3 of the Array that vacuum tubes would 
probably play an important pr.rt. The French ana English had found there 
of great value for radio ccaaunicat ion at the front. As a resul t tho 
Fronch under the direction of General Ferric, hr. a designed a small re- 
ceiving tube thr.t could be manufactured in small quntities. This typo 
of tubo, which was Known U3 type R was patented in England in 1916. 

In eno way it was tho forerunner of the present tub ;S 9 c.3 all tho leads 
carao through cno stem on which tho electrode structure was mounted, as 
in tho present tubj. 

Anticipating tho probable demand by our Amy and Navy, the 
Research Laboratory, in the summer of 1917, turned to tho design of tubas 
which could ba made in quantities, Ur. 7. C. Shite designed a aue.ll tuba 
which was given to Dr. G. 3. Ponflu to davel^p for quantity preduct ion 



with the expectation th: t thara would, co a requirement for 500 tubes 
a day. It was believed that the incandescent lamp factories would be 
tha logical place for their manufacture. 

Cn August 11, 1917, Mr. L. A. Hawkins 7/rote to the Edison and 
National Lamp Tories asking for their cooperation, the Government having 
asked the Company to develop a tu'oo intorchangoabl e with the French tube, 
with a production, by the spring of the next year (1918), of 1000 a day. 

For the Edison L«^-ip Works Ur. H. ‘.7. JacKSon and for the National 
Lamp Works, Mr. P. J, Pritchard, together with Ur. W. 7. L. Cogger as 
special (engineer to assist Ur. Pritchard, -vere appointed to supervise tho 
conosrcial development and manufacture of tubes. 

On September 11, 1917 Dr. Fonda sent specifications of the tube 
he had developed to the Edison and National W-urks. After much experimen- 
tal work had been dona by both the Edison and National Works, samples 
wars mado and on September 24th a mooting was held at Harrison, N.J. , 
Lieutenant Bown of the Signal Corp3, engineers of tho Research Laboratory 
and of tha Edison and National Works, being present. Two tubes woro 
decided upon, one for receiving purposes ana tho other for transmitting 
purposes. 

Both Worics intensively continued their development now that the 
general construction ha„ been decided upon. In all casos, except where 
machine operations were possible without affecting the quality of the 
product, an endeavor was made to follow the processes and operations 
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exoctly es performed in tho Resj'-rch Laoerut-ry in Schenectady. 

The tube 3 incorporated a spiral filament of the aouole helix 
form, commonly employed in automobile headlight lamps of that date. The 
grid was a similar double holix, but larger. The plate was a little 
cap of nickel. Although this did not use the f ilanent area to tho 
greatest advantage, this design fitted in more easily with lar.p factory 
methods. The grid and fil:ment mounting were similar to the mounting 
of filaments in a lamp. The cap shaped nickel plate was punched out, 
apd could also be mounted with modifications of lanp factory welding 
machines in existence. 

MANUFACTURING PROBLEMS C? QUANTITY PRODUCT ION 

However, the factories soon found that they had a real problem 
on their hinds. Stem making in lamps was considered fairly easy, and 
it wa3 with confidence that they converted ov9r a stem maxing machine 
to put 3ix wires in a 3tem, spaced one-sixteenth of an inch apart. 

Soon all the difficulties occurred that could possibly happen to stems - 
cracks, leaks, 3hort circuits, burnt welds and all sorts of glass troubles 
Eaoh difficulty required ev ry bit of lamp knowledge and experience that 
could be commanded in order to solve the troubles. 

Coiling the filament ana. grid required tho most painstaking aid 
careful operations. Mandrels of molybdenum ware made and accurately 
threaded to give proper coil size, shape and pitch. The mandrels were 


carefully wound with filament and grid wire and sintered in hydrogen 
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furnacos. Mounting the filament and grid was found to be most difficult, 
due to the accuracy required and the smallness in the spacing batweon tho 
filament and grid as ?/ell as the necessity of mounting without any strain. 

All the tubes made at Schenectady had been exhausted by means of 
mercury condons-tion pumps. At the Edison 77or.cs, Mr. J;cxson hi. d boon 
unable to males the morcury pumps work properly and, during tho time when 
a special engineer from the Rose. -rah L-boratory was putting thorn in 3 hape, 
ho decided to try out th3 oil pumps used in lamp exhaust oven though 
doubt had been expressed that such pumps could properly exhaust radio 
tubas. By intensive work: ho w; s abl 2 , with a special combination of 
chemicals, called "getters", used in ltinip manufacture , to exhaust tubes 
much more rapidly -aid as satisf actorily as Schonectrdy had done with 
mercury pumps. This information was transmitted to tho Research Labora- 
tory. The National Lamp Work3, after further details had been sent them, 
wore also able to satisf actorily oxhaus t tubas oy means of oil pumps. 

During all this time Dr. Fond had also been making tubes, and 
sample experimental tubes from both Itorxs were sent him to test. Of 
the experimental tubes from in the lamp factories, ra.-de on a basis of 
whtt was expected to oe practical quantity production, many war j found 
to be quite superior to the tubas made in the Schenectady Laboratory, 
although many were also found to bo considerably inferior. This 
possibility of good quality commercii lly m -de tubes g: ve every encourrga- 
mont to the lamp factories to bo _'ole to produce them in 1 rge qu.-ntities. 


Equipmjnt for production and testing in quantities therefore w? s sjt 
up and experience gt inod in further improving thj quality and mariufactur- 
ing facility. 

NAVY QHTER FOR- 1000 JIBES 

Early in December the Navy had comj forward with :■ demand for 
tube 3 , an order being pieced for 1000 receiving tubes on the basis of six 
samples produced by the National Works sent by tho Research Laboratory 
to tho Navy. This was tho first actual order for tubes from the Govern- 
ment, and the necessary steps ware immediately taken to build up an 
organization in the lamp factories, laying out equipment for considerable 
quantity production. It is interesting to note that of these 1000 tubes, 
mtdo by the National Worxs having had less th: n a month* s real experience 
with thi3 now problem, only seventeen failed to pass the severe mechanical, 
radio and electrical tests, a rejection of less than 2 % for all causes. 

These tubes wero designated by the Navy Dooartment as Typo 
CG-886. The filament was designed to operate from a two-cell lead 
battery, about 4 volts, or through a resistance from c throe cell 
(6 volt) battery. The plate voltage used was about 40. They were 
Used as detector, oscillator and audio amplifier tubes, both aboard 
Ship and on land stations. The base used was the type originated by 
Dr. DeForest which was standardized by the Navy. It was similar to 
the present small base except there were only three prongs, the fourth 
qontact being made through the bayonet pin on the side. A moulded 


compound was utilizod which was abandoned shortly after, not to bs 
revived for nearly eight years. 

ACTIVE INTEREST 3Y THE SIGNAL CORPS 

The Signal Corps was now becoming actively interested in the 
gcmpio tubes made by the General Electric Company, as compared with tho 
Western Electric tubes they were using. Several designs had boon sub- 
mitted owing to considerable changes nxoss-ry to meet thoir special 
requirements. The Chief Signal Officer then asked tho General Electric 
Company to endeavor to nuLco tho Western Electric type of tube, :s this 
tubo was giving satisfactory results and a greater production was de- 
sired. To this end represent; tives of tho Research Laboratory, tho 
Edison and tho National Vorics investigated tha process and method of 
manufacture of the Western Electric typo of tuba *hich was thoroughly 
explained to them by representatives of tho Western Electric Company. 

It was estimated that not more than five percent of the 
labor required for the tube could oe supplied by the lamp factories, 
as the greatest part of the work was foreign to commercial lanp manu- 
facture, so that most of the labor would heva to be specially trained. 
Furthermore, the equipment necessary did not fit into the layout of 
lamp factories. This would greatly delay the start of production, 
while production of the G. E. type of tube could be begun at once. 

It was estimated that two months would be necessary before any Western 
Electric tvpo of tubes, probably 25 per day, could bo undor production. 


whereas production of tho G. E. typo would hove risen from 100 p3r 
day at the start to 600 pjr day during this two month period. The 
equipment necessary for the Western Electric type of tube was 90$ 
sp3cial as compared with 80$ rogul.-r 1 azap equipment for tho G. E. 
typo . 

Both tho Western Electric Company and thj Chief Signal Of- 
ficers were convinced, after tho matter was thoroughly discussod, that 
tho manufacture of the Western Electric typo of tube was not a practical 
proposition in incandescent lar.p factoriss. 

^IGNAL CORPS 0HDER FOR TU3ES 

On Janua ry 21, 1918 the Research L'eooratory recoivod a tele- 
phone ordor for 80,000 G. E. tubes, deliveries beginning within a wook 
ht tho rate of 500 a week, increasing to 1500 a. week within a month 
thor9aftor, to 3,000 a week within two months and to 6,000 a week within 
threo months which rata was to be maintained until complotion of tho 
order. Tho order was divided equally botvraon tho National and Edisoq 
factories. 

The production schedule demanded was .much les3 than what the 
factories had 3tated they could do, it appearing that tho Govornraont 
officials did not boliove that a production us great as had bean es- 
timated could be obtained. The officials stated, however, that if tqe 
tubed came through satisfactorily, tho rate of production could oe 
doubled. 

Thsae tubes wore called by tho Signal Corps as Type VT-11, to 
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bo u3od for dotoctor, oscill- tor ; nd -.nplif ior operation in receiving 
sots in which the Western Electric typo of tu'oo (cull-ed VT-1) was 
usod. Tho tungsten wire filament ~r- s double spiral holix rated at 
1.1 amperes, at about 4 volts, to be used on a two cell load storago 
battery. The grid wrs a larger double spiral helix of tungsten wire, 
and the plate a nickel cop on which voltages up to 60 could be usod f 
The bulb was the S-14, os used in the 10 wott sign lamps and the base 
had four prongs mounted on o porcelain disk which was f; stoned to 
brass shell. Tho porcelain disks wore mode in tho Schenectady factory 
and shipped to the Providence Bose ’Tones where the shells and pins 
wero put on. 

In arbitrary method of comparing qu..l ity was used. By means 
of a "Cubic Box", the i mplif icut ion rating was noosured by tho equiva- 
lent numbor cf miles a signal could oo sent through a cable to bo re- 
ceived at a certain strength. The first tubes had a rating of 8 miles. 
Within a month this rating was raised to :.n over. go of 12 miles and 
boforo tho Notional Lamp Works had mado 10,000 tubes tho over ago was 
16 milo3. Before half the Signal Corns* origin: 1 order fc-d been filled 
the average rating w:a ovor 20 milas. The direct moasuro of quality 
varios as the square of thoso ratings or in the ratio of 64 for the 
first tubos to 400 for the last tubes, an increase in quality of over 
six times. Iho lifo of the tubes was also increased from nearly 
300 hours (200 hours minimum requirement) to 2,000 hours and as a 
result, the tubes gave the Government over seven times the life ex- 


-26- 


pactod. In addition to this, wonderful improvjm jnts were mado in the 
uniformity of tho product. 

this progress, however, was not made without difficulty* 

On ono occasion, out of nearly 2,000 tubes that the National Tories had 
mado up, not a singlo one was good for anything. Several timos tho 
factories were confronted with losses of thousands of dollars, due to 
imperfect raw materials ; nd uncontrollable circumstances. All of thoso 
problems kept ev^ry man 7/orking night and day, and required tho host 
possible supervision and engineering. 

One of the handicaps was the limited production schedule nt 
first imposed by the Government. Continued requests were mado for pa- 
lease from this restriction in order to maKe it possible to obtain more 
officiant operation by means of greatly increased rate of production. 
Finally tha superior quality and operating characteristics of the tubes 
excited the interest of the allied governments. The Research Laboratory 
received a request from the British Admiralty for tubes. The National 
Work3 at once began to ma^ce plans to reach a production of 36,000 tubes 
per week: within two months. The order from the British, however, 
failed to materialize but the Signal Corps gave permission to the 
National Works to increase production which was increased to 10,800 
maximum per week. The Signal Corps order was therefore completed 
ahead of schedule and the factories were forced to ask for more orders 
to keep tha special organization and plants in operation. It became 
evident however, that it was necessary to out down production as more 



tubes were being raado than the Government could handle 


In Juno 1918 tho Signal Corps ordered 20,000 more VT-11 
receiving tubes and tho Navy Department 10,000 (culled by then CG-890 ) . 

Another receiving tube, which was in the development stage 
at tho time tho armistice was signed (November 11, 1918) was tho typo 
VT-13. This was a modification of the VT-11, the endeavor Doing to 
improve both tho ruggednoss of tho tube for airplana service and its 
radio characteristics. Tho service of this tube was identical with 
tho VT-11. 

SIGNAL CORPS TRANSMITTING TU35S TYPES VT-12 AND YT-14 

At tho stcie tirae the order for the 80,000 VT-11 receiving 
tubes 7/as placed (January 21, 1918), tho Signal Corps ordered come 
transmitting tubes, typo VT-12. In appearance this tube was very 
similar to the receiving tu'oo oxcopt that the filament was dosigned 
for 1-1/3 amperos at 7 volts and the plate mado of molybdenum on which 
voltages up to 400 could bo usod. 

Production wa3 requested at tho start at the rate of 50 par 
day and on account of tho high plate voltage it was necessary to use 
a mercury diffusion pump for their exhaust. Production started at 
the Laboratory at about tan por day until arrangements could oo made 
for the factories to uso morcury pumps when production in about two 
to three v/aeks could oo obtained at a rato of from 50 to 100 per day. 

Tho design of this tube was later changed to increase its 
transmitting range, the filament current being increased to 1-3/4 
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smporcs. Tho origin"! 77-12 -703 developed for use in telophona 
transmitting sats in which tho '3b st e m Electric typo VT-2 was usod 
and had a range of about three nilas. The i.aprovod tu'oo was call ad 
tho VT-14 end had a r;jigo of from 10 to 15 nilos. It 7iL s also adopted 
by tha U. S. Navy (called by them tho CG-1162) and was used on submarine 
chasors and flying boats. Sovoral thousand transmitting tub33 wera raado. 

Another typo of transmitting tub-3* VT-16, was in tho develop- 
ment 3tage for tho Signal Corps at the end of tho \*-r, and was con- 
structed with tho endeavor to improve the mechanic;. 1 strength of the 
tube for airplane service and to perfect its electrical and radio 
characteristic s. 

OTHER TUBES MADS 

An amplifier tube, known as typo CA, was developed for use 
by tho Navy in connection with high speed photographic receiving ap- 
paratus. It was a special tube designed to obtain maximum amplifica- 
tion. It embodied a tungsten filament with i. finely wound tungsten 
grid and a tungsten plato. 

A regulator tube, typo 73-1, was node for use in regulating 
tho voltoga across the terminals of a fan propelled generator for air- 
pianos. This was a two element tuba having a tungsten filsmont and a 
molybdenum plate, and was so connected into tho fiald and armature 
windings of tho generator that, with airplano spoeds varying from 40 
to 180 miles par hour, corresponding to armature spoeds of 3,500 to 
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18,000 revolutions per ainuto, the vGlt^ga did not v..ry r::orj than ton 
percent. Several thousand of those tubas were inf da. 

POST V/iR ’.'.T3RX 

firing the period ootwjon th3 ond of tho war in Novoab or 1918 
to tho f citation of tho Radio Corporation of amaric-, about r. year 
later, thoro was rol-tivaly littlo dono by tho General Electric Cemp’iny 
in the further development of receiving tubos. Tho several typos of 
tubes devolopod during tho 77.'. r period wars technically f-vr.ilo.bla but 
could only bo sold to tho Government oecauso of tho patent situation. 

Quito a littlo wcrie however was put into tho iov o lopn an t , 
by tho Research Laboratory at Schonactady, of transmitting tubes end 
radio transmit tors utilising largo vacuus tubes, d considerable amount 
of this development was along lino3 of interest to tho U. S. Navy which 
included radio tolephony. 

IfeBCONI ;.ND WE5TINGH0USS TUBES 

JUst prior to tho formation of tho R. C. *.,tho Marconi 
Company advertised and sold tubos. They waro somewhat sirnil-r in gon- 
oral construction to tho Frenchtypa R tubos, having a tungsten fila- 
ment designed fur 3.65 volts, 0.65 aeporos. Two typos were eiado on a 
having a "hard” (high degree) vacuum for amplification, tho other being 
a "soft" tube, having a relatively poor vacuum, and u3oa 03 a detector. 
The poriod during which those tubes ware sold was a short one, as tho 
R. C. L. Ccxpany soon tecic over tho interests of tho Marconi Company. 
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T he Westinghousa Company developed a tube having a 4 volt 
0.8 ampere filament which they called an "aeriotron". It was made with 
"hard" vacuum (WR-21A) for amplifying and "soft" JTR-21D] for detector 
purposes. The Westinghouse Company did not join the R.C.A. until , 

more than a year after its formation, during which period they de- 
veloped another aeriotron (’7D-11). It was a "hard" tube having a 

I 

l/4 ampere, 1.1 volt oxide coated platinum filament, currant for which 
was to be supplied from a single standard dry cell. 

F-0 RATION 0? 5jS Rf DIO CORPORATION CF AMERICA 

The Marconi Wireless Telegraph Company of America, which was 
mainly engaged in ship to shore Radio telegraph operation, owned the 
Fleming two element tubs patent. The ReForest Radio & Telegraph 
Company owned the DeForest three element tu '09 patent and, for a short 
time, manufactured three element tubes, but a suit brought by the Marconi 
Company resulted in a decision that the DeForost three element tube or 
"Audion" infringed the Fleming tube patent. The American Telegraph and 
Telephone Company could not manufacture, througn its subsidiary the 
Western Electric Company, electron discharge tubes unless it acquired 
rights under the Fleming patent (it had obtained rights under th-e ReFoi>est 
patent). Dr. Langmuir's patent application on the pure electron dis- 
charge tube was pending, and was owned by tip General Electric Company. 
Neither could the Goneral Electric Company manufacture radio tubes on 
account of the Fleming and DeForest patents. There are also other con- 
struction and detail patents owned by these and other concerns which were 
considered nocessary in the construction of radio tubes. This conflict of 
patents, owned and controlled o.y opposing interests, restrictod the de- 
velopment of radio. 
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Tha Radio Corporation of America was orgaiuzjd on Octoo;r 
17, 1919. i.oout i» month later the R. C. A. ont-irri into an agro-oment 
with tho Marconi Company whireby it obt‘- inea, in exchange for stock, 
tho patents, etc. of the M' rconi Company. Agreements of this charact er 
woro also entered into at various times v/ith tho G. E. Co., tho 
A. T. & T. Co., tho Western Electric Co., the United Fruit Co., which 
operated a float of vessels equipped with wireless as well . 3 some' 
land stations, the Wireless Specialty apparatus Co., a subsidiary of 
tho United Fruit Co., the International Radio Tel egraph Co., the 
Wostinghouse Electric and Mfg. Co., and the Raaio Engineering Company 
of New York. Thu3 tho R. C. A. was enabled to develop tho radio in- 
dustry. It should be remomberoc, however, th -t at tho time of the 
formation of tha R. C. <•., radio broaacasting aiu not exist ana, there- 
fore, outside the fiold of commercial communication which was largely 
of a trans-oceanic nature, tho only business of tho R. C. A. was sell- 
ing rsdio apparatus, parts and tubes to a group of amateurs and r-.dio 
aecp9rimontors, of v/hich there was probably about, five thousand in 
numbo r . 

THE FIRS? R. C. A. TU3S3 

At a conferenco held between representatives of tho. General 
Eloctric Company and tho Radio Corporation, tho neod \va 3 indicated for a 
now type of tuba for detection and audio amplification. As a result, 
thora was developed in tho Rosoarch Laboratorios and in tho lanp fac- 
tories, Rf.diotrons UV-2Q0 and UV-201. Those tubas, at the start, wore 


idantic&l in noch-nicul construction, tha only difference being that tho 
UV-200 contained about 50 microns pressure of argon gas. A micron is 
tho prossura oqual to one thousandth cf a millimeter height of mercury; 
760 millimeters, or about 30 inches, hsight of mercury being tho ap- 
proximate pressure of tha atmosphere at safe level. A micron is there- 
fore about 1/760,000 atmospheric pressure. 

A filament voltage of five was used. The wide spread use of 
storage batterias in automobiles hod standardized and m-do tho throe- 
call laud battery the bast for filament operation. A loud buttary 
has a normal voltage, fully charged of about 6 volts, dropping to about 

I'" 

5^ volts at discharge. it was thought best to allow g volt for the 
drop in the buttary connecting wires, the wires in the radio sat an.d 
the contacts. 

The plata was mada of nickol, the grid siaa rods of nicical 
wire, the grid wire of molybdenum and that part of tha 1 eading-in 
wires, insido the tuba, of nicical. Tha filament anchor and the fila- 
ment itself was tungsten. Later, for a short time aftor tha automatic 
grid winding machine was adopted, tha grid wire v7as changed to nickol 
out, a 3 this proved too soft in this instance, th-e grid wire wa's then 
changed tc nichroma, a v/ire used in electric heating devices. 

Tho3o tubes had the same base &3 we3 utilized in the Signal 
Corps tubo VT-11 and the same general structure as used in experiments 
for tha Signal Corps 7T-13. 7ith tha oxception of slight variations 
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in filament voltagi, they wore pr-ctically identical to the VT-13 do- 
sign of 1918 end 1919. 

R. C. h. TUBS KCT-TENCLLTUHE 

Hr. G. H. Cl -irk of tho R. C. A., 10 haa h.-d wide experience 

in the Signal Corps, the Navy and the Marconi Company, was requested 
to make up apparatus designations rd catalogue numbers. Ho made a 
system of modal numbers to designate class air. items of apparatus. 

It was designed to use latter prefixes for units of apparatus and 
another set of letters f r complete pieces uf apouratus ;-3 -/hole, 
such as complete receivers or tr: nsmitt er3. 

3Sia latter U was chosen to signify a unit, distinguished 
from an assembly of units; R, as resistor; C, a condenser; T a terminal 
or socket; etc. On thi3 basis V v/as chosen for vacuum tube, probable 
having in mind the English tarn "valve" and r/hich was used previously 
by tha Marconi Comoany. numbers started origin.-lly with 200 for 
vacuum tubes, therefore UV-200 represents the first type of vacuum 
tube rolor.sed and sold by the R. C. Per a short tine afterward , 

each new typo of tube that came into use was given a number in the 
same series. 

3E5 THOBL-TED TUHGSTEN F IL.VMRR? 

Dr. Langmuir discovered that, at any given temperature 
under certain conditions, .metallic thorium has an enornously greater 
amission than tantalum, tungsten or any other metals which havo been 
used as cathodes.. Dr. DoForest had first used tantalum. It would 
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appear that a thorium fil^runt would be better c-thcdo than u tung- 
sten filaaont. Th o nature of the natal thorium, however, is such 
th-t it cannot bo operated eta temperature high enough to take ad- 
vantage of its superior omissive qu.litios. Thorium malts at about 
2000 J Z ohich is about 1700° below tho molting point of tungsten. 

Long before a thorium filament could oe hot. tort not enough to give out 
sufficient electrons per unit surface, the filamant would vaporize 
quickly or oven molt. 

Hero is a material, thorium, of wonderful onissivity at 
any givan high temperature, but having the property that tho forces 
which hold its atoms together are so small th_.t when an attempt is 
made to raise its temperature to get a reasonable omission, tho of- 
fset of the high tsnporature overcomes the cohesion of the mass and 
tha individual atoms fly off (vaporize) or the whole mass becomes a 
liquid (melts). Tha limitation on tho use of thorium for cathode 
purposas, a limitation that seemed inherent in the nature of the 
metal itself, was overcome by Dr. Langmuir in a very beautiful 

f 

aeries of inventions. 

Tha first invention was tha distribution of tho thorium 
atoms on tho surface of a tungsten filtmont in tha fora of a layer 
of exceedingly minute thickness; actually it is only one atom daap 
no moro and n, lass, incredible as it nay saan. Tha result is that, 
due to inter and intra-atomic actions, tho atoms of this atomic layer 
of thorium are held to the tungsten by a force much greater than that 



which holds together the atoms of a mass of thorium. The thorium 
atoms on the surface of the tungsten filament will remain in place hun- 
dreds of degrees higher than that at wi.ich the corresponding atoms 
on a thorium filament will fly away. In fact such a layer will re- 
main solidly on a tungsten filament at a temperature 300 degrees 
above the melting temperature of thorium. 

The history of science does not disclose any prior resort 
or suggestion to this expedient, this artificial elevation, as it 
were, of the melting and vaporizing points of a substance by distrib- 
uting it as an atomic layer on the surface of another more refractory 
substance. 

One way of ootuining such an atomic layer of thorium on a 
tungsten filament could be accomplished by locating no^r the cathode a 
wire of thorium which could be vaporized by passing current through 
it. Some vaporized thorium would deposit on the cathode which would 
reduce to a layer one atom deep the moment the cathode (the tungsten 
filament) is heated to the desirable operating temperature. In 
practice however such a cathode would have a short life; the atomic 
film is delicate and easily destroyed. It is therefore desirable 
that the film be automatically renewed; that ther^ should constantly 
b j fresh atoms of thorium coming along to replace any atoms which 
have been evaporated from the surface, or driven off the surface 
by ion bombardment or oxidized by the action of gas 33 in the bulb. 

Wiat is wanted is a resjrvoir of thorium, an extra supply which can 
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bo fid to til i surf-C j as it is njjdud. The method by which Dr. 
Langmuir provided this reservoir is most interesting. 

Die drawn tungsten wire used in incandescent lamps at that 
time (1913) contained a small quantity, perhaps half of one per- 
cent of thoria, an oxide of thorium, for the purpose of prevent- 
ing "off setting**, the sliding sidewise of short 30ctions of the 
filament, when the laup was burned on alternating current circuits. 

Dr. Langmuir discovered that under proper temperature conditions 
tendency existed for the tungsten to reduce the thoria to metallic 
thorium, the released oxygen of the thoria combining with the tungsten 
to form tungsten oxido. The metallic thorium atoms thus released, 
diffuse through the tungsten filament and finally come to the sur- 
face . 

By heating the thoriatod filament to about 2900° K for about 
a minuto, a supply of metallic thorium is obtained by the relatively 
fast reduction of thoria to thorium at this tomperaturo. The surface 
of the filamont is also '*purified", released from contaminating 
substances. Such atoms of thorium which diffuse to the surface dur- 
ing this period immediately vaporize from the surface at this tempera- 
ture. The filament is then "activated'' by heating it to a temperature 
in the neighboihood of about 2200° K which causes the thorium atoms 
to diffuse to the surface so that in a short period of operation at 
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this temperature the filament has a layer of thorium atoms on its 
surface. At this temperature, the supply of thorium in the body of 
the filament diffuses to the surface at a rate sufficient to replace 
those atoms leaving the surface, provided great precautions are 
taxon to protect this delicate atomic film in place. 

Die film may be attacked in various ways; for example if 
there i3 any oxygen in the bulb it will immediately oxidize and 
destroy the film for thorium is a highly oxidizablo metal. This 
would be bad enough if the oxide of thorium were fairly volatile 
so that it would at least get out of the way and would allow the 
film to reform. But thoria is a highly refractory material other- 
wise it could not be used in tungsten filaments. Thus from the 
point of view of the presence of oxidizing gases in the bulb, the 
vacuum required must be extraordinarly high. To obtain reasonable 
life the presence of oxygon must not exceed a prossure of a 
millionth of a millionth of a micron. 

• Another point of great importance is that while any serious 

ion bombardment is destructive of a filament, no great harm will be 
done if several layers of atoms are xr.ociod off the surface of a 
pure tungsten filament by a slight bombardment. Such a slight 
bombardment, however, would be fatal to ths atomic film of thorium 
on the tung3ten filament. Thus to prevent even this slight ioniza- 
tion, it is essential that the vacuum be almost inconceivably good, 
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there must be a great absence of any gases, especially oxidizing 
gases. 

Owing to the fact that the very highest vacuum condition 
was necessary to obtain emission from thoriated tungsten, its 
Immediate utilization in the factory in practical tube manufacture 
was prevented and a great deal of laboratory work was necessary be- 
fore it could bo used. 

During th9 summer of 1914 some experiments wero carried on 
with potassium vapor in a two element tube for the purpose of noting 
the change of space charge effect. Mr. W. C. White noticed, en- 
tirely by accident, that he was obtaining thoriated filament emission 
frcnj these tubes, and although not nearly stable, it wa3 remarkably 
more constant than in early experiments. Dr. Dushman confirmed this 
result with tests on soma photo-electric cells which had a thoriated 
tungsten filament (used unheated as the anode -rti9n operated as a call) 
and a coating of potassium on the inner wall of the bulb. 

After this encouraging result quite a little work was done 
in an attempt to utilize potassium, but potassium was difficult to 
handle. Work was then abandoned for the time being aid during 1917 
and 1918 this work stopped ontirely due to war activities. 

During the sunnier of 1920 Dr. A* W. Hull of the Research 
Laboratory at Schenectady developed the use of magnesium which not 
only provided the high vacuum necessary for thoriated filaments but 
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alao was much ousier to hunile than potassium. 

Tha principle of this, £3 a vacuum "keeper", is the de- 
posit on the inside of a tube of a m-etal which will easily combine 
with oxygon and cert-in other gases. If, for example, a molecule 
of oxygen is given off by the anode or by sms other part of ths 
tube, the chance that the molecule will strike the wall of the 
tube, covered as it i3 with the metallic deposit, is infinitely 
greater than the chuice it will strike the filament. And -^len 
it strikes the metallic deposit that is the end of it combining 
with the magnesium to form a solid compound. 

Shan magnesium is vaporized in the bulb, the hot vapor also 
acts as a vacuum "getter" to improve the vacuum similar to the way 
phosphorus is used in incandescent lamp3. At the temperature at -.Thich 
the bulb operates, magnesium has such a low vapor pressure that 
there is no tendency for it to cause ionization. 

During the yours 1919 and 1920 the Research Laboratory 
carried on work on high frequency furnaces which were operated by 
vacuum tubes. Hie principlo consists of sending a high frequency 
(from 50,000 to 1,000,000 cycles per second) alternating current 
through a coil of wire. Oie high frequency durront is goner -tod 
by an oscillating three element power tube. A metallic object, put 
inside this coil, will h-ve eddy currents generated in it, similar 
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to the ourjraflt generated, in the secondary of a transformer. jSiese 
eddy currents are sufficient to heat the metali-io object a 
high temperature. 

A piece of metallic magnesium, put inside a tube can be 
readily vaporized by means of a higfr frequency current by placing 
the coil, through which the high frequency current passes, over the 
tube. Removing' the coil allows the magnesium to condense, which 
deposits on ths wall of the bulb. The high frequency current causes 
the other metallic parts of the tube, the plate, g'rid, etc., to heat 
up driving the occluded gases out of them. 

IXiring 1920 and 1921 the Harrison factory by accident 
used sane tungsten filament wire containing thoria for the manufacture 
of the UV-201 tube. It was found that a vary small percent of the 
production of thi 3 thoriated filament tube actually operated by 
thorium emission in a satisfactory manner when the filament voltage 
waa reduced to half the normal value.. This reduction in voltage 
caused the filament to oporate at about the proper lower temperature. 
The pure tungsten filament operates at about 2400° K, the thoriated at 
about 1950° K. 

During the latter part of 1920 considerable activity in 
the Research Laboratories took place on the dovelopment of the 
thoriated filament. The addition of carbon was suggested by Dr., 
Langmuir. Dr. Dushma n demonstrated its practicability, 


Although thera is no complete information on the effect of 
carbon, it is believed that its principal advantage is in the in- 
creased production of thorium from thoria and increasing the speed 
of the diffusion of thorium from the interior to the surface of the 
filament . 

Carbon was introduced first in the form of l&np black, mixed 
with powdered tungsten, prior to the formation of the slug of 
tungsten from which the filaments are made. Die amount of carbon 
that could be so introduced was limited because of difficulties in 
drawing the wire and handling. In drawing the wire it bucamo brittle. 
Aquaaag, which is fino graphite mixed with water, is now used, about 
1/S being put in the slug together ?;ith about l^S of thoria. After the 
slug is sintered, no free carbon is found but probably a tungsten 
carbide is formed which makes a good reducing agent for the thoria. 

Another method of introducing carbon is to flash the fila- 
ment of completed tuoes before exhaustion in a hydrocarbon vapor such 
as acytelene. This method of carbonizing after making the wire is 
only used at present in transmitting tubes or on tubes requiring 
more than 2,000 volts on tho plate. 

The 'electron efficiency of a small thoriated filament, in 
which carbon is introduced into the slug, varies between 25 and 45 
mil lianperos per watt. With a thoriated filament carbonized in 


hydrocarbon vapor, the electron efficiency varies between 50 and 
100 railliampere s per watt. In comparison it should be noted that 
the pure tungsten filament used in the UV-201 tube had an electron 
efficiency of only 1^- to 2 milliamperes per watt. For higher 
power tubes, using a heavy pure tungsten filament, efficiencies 
between 5 and 15 milliamperos par watt can bo obtained. 

It was now boliaved that practical thoriatad tungstan fila~ 
ment tubes could bo made and work ’was started first at Harrison and 
then at Cleveland. Tho object was first to produce highly afficiont 
dry battery tubos and second, improved fora of storage oattory tubas 
requiring loss filament wattage. For receiving sets there was pro- 
duced tho UV-199 arri the UV-201-A tubos. The first thoriated 
tungstan filament tubos sold, however, were 50 watt power tubes, 
purchased by tho Unitod States Government. 

THE UV-199 TUBS 

For dry battery receiving tube purposes it was decided that 
low filament current was advantageous utilizing the smallest size 
filament wire which the factories believed they could use. Shis 
was the 0.6 mil wire Thich could operate at 0.06 amperes, the 
filament length being that for a 3 volt rating. This gives a fila- 
mant wattage of 0.18 as compared with 0.275 for the TO-H tuba whosa 
filament consumed 0.25 amperes at 1.1 volts. 

Tho early work of development was dona with a form of 


doubl-3 ended tubj in which the base v;as eliminated but, after 
further consideration, it was decided to use a one ended construc- 
tion as it permittod simplor manufacture and fitted in better with 
the receiver design of the engineers, ifro double ended construc- 
tion had certain advantages, eliminating the cost of the base 
and the basing operation and reduced the inter-electrode capacity. 

Iho most important inter-electrode capacity is that between grid 
and plate in the case of a radio frequency amplifier. This is 
due to the fact that the electrical capacity between grid and 
plate tends to produce oscillations which prevent amplification. 

The actual work: on the UV-199 tube started in the Research 
Laboratories about February 1, 1921, first incorporating a filament 
wire of 0.9 mil in diameter (about 0.135 amperes). In June and 
during July of that year, samplos were supplied to the Kadio 
Department of the G. E. Co. for consideration in connection with the 
future design of receiving sets. In October the first samples were 
received from the Harrison factory. In December the 0.6 mil wire 
was introduced, producing a 0.06 ampere filament. In May of the 
next year (1922) the design was changed to one ended construction 
and manufacture wont on actively in the factories with a small 
experimental production. The tube had a total omission of about 
6 millianporos, about as much as that of the old UV-201 tuba. 



The UV-199 tubs was announced by tho R. C. A. during the 
Now York Radio Snow in Decemb jr 1922. The tuoes howovor were not 
put on salo and mada available to th-o public until about the middle 
of April 1923. During January 1923 tho Harrison factory was producing 
about 200 satisfactory tubas par day and there wa.3 a groat demand for 
increased production in order to moot tho demand for tho receiving 
sot, Radiola A4, undor production, which uaod three of those tubes. 

E(y April the production in the Harrison and Cleveland factories had 
each reached to about 1500 per day. By about Slay the top filament 
support was changed to soft nickel to assist in overcoming microphonic 
troubles, the noise caused by vibration of the filament. 

A difficulty had arisen with the tube, due to the fact that 
with tho three dry calls used, a voltage of 4g- was obtainable when 
tho calls wore now. Thus if the filamont rheostat was improperly 
adjusted m th new colls, the thoriated filament was soon deactivated. 

It was found that a single dry cell was very satisfactory when 
operated to not below 1.1 volts, so the length of the filament was 
increased to correspond to 3.3 volts, consuming 0.06 ampere at 
this voltage (about 0.057 at 3 volts). This increased the total 
emission from about 6 to 7 milliamperes (at 3.3 volts). This went 
into effect during May of the next year (1924). 

The tipless construction was started in production about 
March 1924. In making this change the maximum overall lesigth was 


kept the same so that tho actual length of the bulb was sli^itly 
increased. 3y the ond of Juno tho production was about completely 
changed over. All tho Radiola #8 receiving sots utilized this tip- 
loss tubo. 

By the fall of 1904 the black: moulded bakelite base had 
superseded the brass shell base in factory production. This change 
was made entirely on the basis of improved quality and resulted in 
an increased cost of manufacture at the time the charge was made. 

The moulded bakelite base gave an improved appears nee and permitted 
greater uniformity of essential dimensions of the baso. For a 
time it increased the difficulties in basing and marking. 

IHE STANDAR D QH ux BAS^. 

At this time, the latter part of 1904, there were in use 
three different receiving tube bases. The Navy standard base was a 
so-called bayonet type and was used on the larger bulb receiving tubes 
such as the UV-200 (and UV-201A). The UV-199 base was also of the 
bayonet type but was smaller than the Navy base and had shorter con- 
tact pins requiring a type of socket which makes contact on the bottom 
of the pins. This base was used only on the UV-199 tube. The WD-l}. 
base was of the ••push* 1 type and hed long pins which make contact on 
the sides. One of tho pins was of larger diameter then the others 
and was connected to the plato of tho tubo. 

2he push type socket has advantages over the bayonet typos 


in that the contacts are more certain and the socket construction is 


simple. However, in view of the large number of Navy type sockets 
already then in use, estimated at two thirds of the total, it was 
necessary in adopting any program of standardization to make pro- 
vision for these sockets, otherwise it would have been necessary 
to continue the Navy base. 

Standardized bases were adopted which were thereafter used 
an all receiving tubes, superseding the throe other busos ana at 
the s;*no time permitted the use of the larger standard base in the 
navy socket. The now standard bases wore made in two sizos but 
with identical contact pins. The larger size has the same diameter 
as the Navy base and the same bayonet pin on the side. Hie contact 
pins, however, are longer than in the wavy base and the two pins 
connected to the filament are larger in diameter than the grid and 
plate pins. !35is distance from the bayonet pin to tho end of the 
contact pins is the sane as the Navy base. 

The smaller size standard base has exactly the same pin 
dimensions and arrar^sments as the larger size base, but the moulded 
part is approximately the 3&n» sizo and shape as the moulded part 
of the "a^ll base. 

Oie result of this standardization, announced August 1,1925, 
was that the UV-199 and WD-11 bases and their sockets becanB ob- 


solete, the large size standard base could still be used in the old 



Navy socket and both the large and small standard bases could be used 


In the new standardized ’•push" type of socket. 

SHE UX-199 TUBS 

Production of the 199 tube with the UX base was started in 
April 1925, the UX-199 tube being announced August 1, 1925. 

In June 19 26 the diameter of the filament was changed 
slightly so that at 3.3 volts it consumed 0.063 anperes (0.06O at 
3.0 volts). This increased its total emission from about 7 to 8 
millianperes at 3.3 volts. 

Since January 1927 less activity has taken place in the 
design of receivers to utilize this dry battery tube. 

SHE UV-201A 7U35 

The other receiving tube developed to utilize the thoriatec^ 
tungsten filament, the UV-201A tube, was designed to replace the UVt 
201 tube. The same general processes used in the 199 tube were 
utilized. The structure and filament wire being larger and the 
spaoings bigger, manufacturing development was therefore relatively 
simpler. 

Work was started in the Harrison and Cleveland factories 09 
this tube in April 1922 and during the summer the development work in 
the factories was actively under way. in October production on the 
old 201 tube with the pure tungsten filament was stopped and production 
on the 201-A thoriated tungsten filament started on a small scale. This 
could be done because sufficient stock of the old 201 tube had been made 
to last until about the end of the year. The UV-201-A tube was announced 
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Show, December 1322. It consumed but i ampere filament current at 
5 volts as compared with 1 ampere for the old 201 tube and had an 
emission of about 45 milliamperes as compared with about 7g- for the 

other. 


\ 


) 



The UV-201-A tube at once became very popular and by August 
1923 it enjoyed a wider sale than any other tube. At no time during 
the development of its manufacture were serious difficulties encountered, 
its life wa3 satisfactory and the production was free from any period 
of trouble. 

In the latter part of J.923 a decision was made to decrease the 
di3tarce between the two inner surfaces of the plate, known as the "plate 
diameter", so as to increase the mutual conductance.* 

•There are two circuits in a three element tube, the filament- 
grid circuit and thefi lament-plate circuit. The mutual relation of 
these two (in the conduction of a signal through the tube), called, the 
mutual conductance, is indicated by the amount of change in plate 
current produced by the change in voltage on the grid. 

Conductance is the opposite of resistance. Resistance is 
measured in ohms, so the word CHM spelled backward, MHO is a unit of 
conductance. This, however, is a very large unit for the measurement 
of the mutual conductance of a tube, so a millionth of this unit, called 
a MICR0MH0 (micro being the Greek for millionth), is used. 

The mutual conductance depends upon the steepness of the 
curve at the point of normal grid voltage, ihe steepness also depends 
on the plate voltage, so the mutual conductance of a tube varies, de- 
pending upon the plate voltage and grid bias used. 

The mutual conductance of a tube expresses, better than any 
other single factor, its value as an amplifier. However, ^ien com- 
paring tubes designed for different classes of service, this factor 
must not be given too much wei^it. For ek&nple , the ^x-120 tube (a 
dry cell power tube) has but two thirds the mutual conductance of the 
UX-201A tube (at 135 volts on the plate and the recommended grid bia3 
for each) yet is capable of delivering about twice the undistorted 
power output given by the UX-201A tube. On the other hand, if it 
were possible to increase the mutual conductance of the U X-120 tube, 
its efficiency as an amplifier would be improved. 



This change in "plate diameter" of the UV-201A tube intro- 
duced a complication because it resulted in a slight change of 
capacity between the grid and plate. At this time the neutrodyne type 
of receiving set was enjoying an increase in popularity. 35ie success- 
ful operation of these sets depended upon the capacity balance used 
In connection with these sets which, however, could be readily over- 
come by a slight readjustment of the small balancing condensors used 
In the sets. The Cleveland factory continued the production of the 
older wide "plate diameter" for a considerable time after the new 
narrower "plate diameter" construction was put into manufacture at 
the Harrison factory. Hence for a period of a few months, the product 
obtained by the public showed quite a difference in results in neutro- 
dyne sets that had not been rebalanced. 

The tipless UV-201-A tube was introduced about March 1924 
and the bakelite base about October of that year, both at the time 
these improvements appeared in the 199 tube. 

Up until the early part of 1924 there had been a difference 
In the appearance of both the 199 and 201-A tubes as made in the twt. 
General Electric factories. Tubes made in Harrison had a silvery 
appearance duo to the magnesium deposited on the inner surface of 
the bulb; Cleveland tubes had a rainbow appearance due to the use of 

I 

a considerable amount of phosphorus. This was not only a difference 
in appearance but the greater use of phosphorus produced the equiva- 
lent of nearly I 3 - volts negative grid bias. This made a noticeable 


difference of operation in circuits where no ”C" bias battery was 
employed. Finally it was decided to standardize on a bulb predomin- 
ately silvered. 

Uae effect of phosphorus in creating negative grid bias wa$ 
caused by a deposit of the phosphorus on the surface of the grid which 
varied the contact potential of the surface of the grid with respect 
to the filament. Phosphorus only sometimes gave a definite and con- 
stant bias. These variations in bias not only caused variations in 
the operation of different tubes but also a variation in the operation 
during life of many tubes. 

It was faind during the summer of 1924, that if the grids of 
tubes were sprayed with aquadag, not only was the natural grid poten- 
tial kept much more constant than by U30 of phosphorus but there was 
also an increase in the life of the tube. It is surmised that the 
carbon of the aquadag acts as a scavenger. Coating the grid is 
still in use today although the spraying method is no longer used. 
UX-201A TUBE 

fly August 1925 all 201 A tubes manufactured were equipped 
with the large UX-standard base, the UX-201A tube being announced by 
the H. C. A. at this time, the same tiue the Ux-199 was announced. 

During June 1926 the short shell large standard UX moulded 
base was introduced in the 201A tube. In the fall of that year steps 
were taken to improve the mechanical strength of the tube and in 



December 1926 tho inic-. top support 7as adopted which greatly rjduced 
microphonic troubles. However, these mica supports wer.- not put into 
production on a Urgj scale until y 1927. 

During the summer of 1927, nicicel plated cont-ct base pins 
were introduced to sup jrsede the brass nins. 

LOUD SP IV ICR HJB H5 

The uso of loud speakers crusted a dera-nd for a tub-- of 
greater output to operate the spoaic^r a t consider-, bis volume. The 
output of a tube coos not have to oc very groat for Headphone opera- 
tion. In order to produce distortionless reproduction at consider- 
able volume, it necessitates tubs having a lorge variation in plats 
current operated with high voltage on the pl-te. 2ho largo variation 
in current is limited to that portion of the straight part of tho 
pla to current - grid voltage characteristic curve of tho tube at 
nogativo grid voltages. 

In the design of thi3 tube, 1 arge cathode and a node areas are 
essential because mutual conductance is, to a considerable extent, 
a good criterion for the output capabilities of a certain design. 
Distortionless reproduction involves the elimination of any grid 
current that might cause poor voltage regulation from the trans- 
formors supplying the grid of the loud speaker tube. Tho most 
satisfactory way of insuring zero grid current is to always keep 
the grid negative. In order that a high negative grid bias can bo 
employed, so that wide swings of grid voltage will not allow the grid 
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to become positive, the tube is designed, for a low amplification fac- 
tor.* 

TH E UX-120 HJ3E 

The first loud speaker tube to oe designed was the UX-120, which 
was produced to provide loud speaker output on Raaiolas ^25 and ^28. 

«Rorlc on the design of this tube was started in the Research Laboratory 
in the fall of 1924. Samples were sent to the R. C. A. in December 
1924 , and the set engineers rapidly oecanB enthusiastic over its 
possibilities. Manufacture was started on a small scale in June 1925, 
the tube being put on sale by the R. G. A. about September 1925. 

Ifcis tube operated from the same filament voltage as the UX-199 
(3.3 volts) having a filament current of 0.135 amperes, about twice 
that of the 199 tube. It was designed to operate at plate voltages up 
to 135 at which a negative grid bias of 22g- volts is used, producing 
3-1 mill iampo res plate current. 


» 


* The amplification factor of a tube is a measure of tho 
maximum voltage ampiificatiou obtainable from the tube alone. It can 
be measured by noting the number of volts ciiango in plate voltage re- 
quired to produce that amount of change in plate current which i3 
produced by a change of, for example, one volt on the grid; the ratio 
of tho plate voltage change to the grid voltage change (each producing 
tha same change in pinto current) being the amplification factor. The 
amplification factor is not appreciably altered by various grid and 
plate voltagos, except that at low plate voltages it may decreaso 
sli^itly. 


Tho spacing bs tween and size of grid wires, as well as tho dis- 
tance between grid and plate, largely determine the amplification factor 
of a tube. A tube designed for a low amplification factor has a higher 
mutual conductance than if it wore designed for a high amplification 
factor so, in order to obtain maximum power output, it is desirable to 
design t. l#ud speaker tube with a relatively low amplification factor. 
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In tho usual method of estimating distortionless output from a 
vacuum tube, throo assumptions are mads: 

(1) That tho grid is not allowed to draw current, which moans that tho 
grid voltage at all times during its swing must ho negative. 

(2) That tha load impedance is adjust od to the optimum value in rela- 

✓ 

tion to the plate resistance of the tube. In most cases this means 
that the loud speaker impedance is about double that of tha tube re- 
sistance. It must be kept in mind, however, that tha impedance of a 
loud speaxor varies widely -with the frequency of the signal current 
supplied to it, so that this load impedance ratio can only be approxi- 
mated. 

(3) That only the straight part of the characteristic curve be employed. 
This is usually expressed quantitatively by saying that the variation in 
direct current through the loud speaker between the steady D. C. value 
and tho valuo whan tho full output is being obtained, must not bo greater 
than 5$. Another way of expressing this is by saying thet tho dis- 
tortion due to second hamonic must not excoed 5;’h. 

On the oasis of those criteria tha 199 tube with 90 volts 
on tho plate and a nogativo grid bias of 4|- volts will deliver approx- 
imately 7 milliwatts (0.007 v/atts) into a loud speaker at good quality 
with a plato current of 2?j? millianp eres. The 120 tubo at 135 plate 
volts and 22j=r volts negative grid bias will deliver aporoximatoly 110 
milliwatts, the plate current boing ojr milliamperes. It will bo noted 
that this is an increase in distortionless output of approximately 


( 
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twolve fold while the f Lltmjnt current is only doubled, the plate 
current being increased about 2%r times and the plate voltage about 
50 

The sale of dry battery sets during tho past two yours h- s 
rapidly decreased so that tho d-mani for the 120 tube i3 now relative- 
ly small. 

THE UX-112 TUBS 

During 1323. wad 1924 tho Tfostinghouso Company was wonting on 
tha development of an improved general purpose tube which also had 
bettor characteristics for loud spouker operation then the 201 a tube. 
In tha latter part of 1924 this tube was racoramondod to tho R. C. A. 
and manufacture wU3 under way in 1925. Tho 112 tube had a 5 volt, 

§• ampere (changed in 1927 to -J- ampere and called UX-112A) oxide 
coated filanent and, v/hen operated at the maximum recommended plate 
voltage of 157, gives, at 10-j volts negative grid bias, a distortion- 
less output of 195 milliwatts with 9|- milliamperes plate current. 

The 201A tube, at its maximum recommended plate voltage of 135, gives, 
at 9 volts negative grid bias, an output of 55 milliwatts with 3 
milliamperes plate currant. 

THE 210 TUBE 

Activity on the 210 tube started in Hay 1922 by the desire 
of the R. C. A. for a tube for loud speaker operation that was capable 
of delivering consid jru'ole power. However* < interest lagged and it wa3 



not until tho 1 ‘tter part of 1924 th...t tho tube was planned for use 
in R. 0. A. equipments. Its first use was in connection with tho 
Rice-Kellogg form of dynamic loud speaker which, in 1925, wa s manufac- 
tured under tho nemo of R - diolr. loud sp;;^ ;r, model 104. 

Tho designation UV-210 was assigned oy tho R. C. A. on tho 
basis of a transmitting tubo am, in tho oarly part of 1924, a quantity 
of those tubes w-s supplied to tho Navy for transmitting service. 

In 1924 tliis tubs tp_ 3 adopted for tho General El jc trie carrier 
current receiving equipments oocau30 of its very long life, about 
15,000 hours under conservitive operating conditions. A littls 1 tor 
this tubo was also adopted by thoR. C. A. for their trans-oco; nic re- 
ceiving equipments, t nd it has since been used by them ext e nsivoly for 
this purpose. 

The 210 tubo employs a carbonized thoriated tungsten filament, 
that is, during the manufacturing process the filament is f 1: shed in a 
hydro -c • rb on v: por. The filament consumes 1-J- amperes at volts. 

15io maximum roconrnencod plato voltage is 425 volts which at 35 volts 
negative grid bias, produces 18 mill i; mperos plate currant, giving 1540 
milliwatts (over lV watts) undistortod output. 

During the oarly part of 1925 a largo demand developed for this 
tube for use in connection with Radiolas. The large standard base mas 
adopted, the designation UX-210 being assigned in March 1925. It was 
announced by the R. G. A., Saptomber 1, 1925. 
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THE UX-171 JJBE 

Tha design of the 171 tubs was startou in the early part of 1925, 
tho object being to provide the grjatost possible output at tho lowest 
tube cost. 

Tha 201^ construction wa s followed very closely. The original 
tuba had a thoriatod tungsten filament consuming amporo at 5 volts. 

In the latter part of 192.5 the filament wa3 changed to oxido coatod, 
consuming -j ampere at 5 volts am callod UX-171 A. 

Of all tha loud speaker tubes it /ill deliver the greatest amount 
of power per unit of cost. At tha maximum recomnondad plato voltage 
of 180 and with 40.j volts negative grid bias, the plate current is 20 
millianperas dolivaring 700 milliwatts undistorted po.ver. 

Tha tube was first adopted for use in the Brunswick phonograph. 

In October 1925 it Tfi'-s adopted by. tha R. G. A. but was not adv-ertisod 
and sold to tha public until June 1926. 

THE UX-250 TU35 

This tu'oo ".7c is suggostod, advocated and designed oy the Wosting- 
housa Company in tha summer of 1925. Development Continued actively. 

It was adoptod by tho R. C. A. in tha early part of 1927, announced in 
Fabruaiy 1928 and made available a short timo later* 

- Tha filanont is oxide coatod consuming 1^- amperes at 7j volts. 
a t tha maximum roconreonded plato voltagu of 450 and, v/ith 84 volts grid 
bias, tho plato current is 55 milliamperos. It will deliver 4.65 watts 
of undistortod power, four times that of tho 210 tube at 425 volts. 
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d-C TUBES 

The idea of operating the filament of a tube by means of alter- 
nating current is ole. For the past t jn yoars it h'-s been dons in 
the case of largo tr-nsmitting tubas useu in broaacast and rauio tole- 
phono transmitters. in the latter part of 1925 tho #104 loud spo; leer, 
dcvelopod by tho Goner 1 Electric Company for tha R. C. h., utilized 
a UX-210 tu'oo for diroot operation of tho speaker, in which tho fila- 
mont of th e tu'oo was operated by alternating current. 

THE UX-226 TUBE 

Tho initi: 1 stop in regard to this tuoo was taken oy tho en- 
gineers of tho R. C. In September 1926 thoy roquostod sarnies of 

3uch a tube from tho su nufacturing companies, which wo ro submitted in 
November. 

In tubo3 of this so-called "raw" a— a typo, it i s important to 
have tho filar, ent voltago at a low value so that the difference of a-c 
potential from ono end of tho filar ont to the other is a minimum. Tha 
hum from such a tuba arises principally from two sources. Ono, tho 
voltage difference existing along the filament; in other words, the a-o 
alectro-static field to which tha electrons are exposed. Tha other 
is tho magnetic effect, the effect on the electrons from the variation 
of the magnetic field sot up by tho a-c flowing through the filament. 

It so happens that these two off acts are opposito so that if 
there is a proper ba lance between filament voltago and current, the 
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hun -Till be &t £ minirrurs. In the 226 tu’o j tho fil resent h; s r. voltage 
of 1.5 and draws 1.05 amperes. For this lo\7 voltage typo of filament 
tho orido coated is more suit ole than. tho thoriatoc. tungsten filament. 
With tho exception of tho fileaiunt, thi3 tuba is almost indontical to 
tho 201 A tuoo. 

In March 1927 tho use of tho tube was dufinitoly decided upon 
for now Radiol ;- 5 for a-c operation. it was foun.i impossible to uso 
thorn for dotoctors, whi oh problem V7as solvod by tho development of tho 
indirootly heater. Cathod« tubo, UY-227. During September 1927 
Radiola #17, using tho 226 tubo in tho radio an- first ...uc.io frequency 
stages, was advertised. 

Tho 226 tubo has a total omission of -bout 100 mill iamperes , 
about twice that of the 201.1. It h.-s i maximum r.JC om.no nuet. plato volt- 
age of 180 producing 7g- mill i amp eras at 13^- volts nogativo grid bias. 

At 135 volts plato, tho .urzimum roco.omondou for tho 201 a tubs, tho 
226 tubo producing 6 mill Lmperes as comp; rod with 3 for tho 201A 
tubo, both tuoos opor; to: 1 with 9 volts nog' tive grid bias, tho mutual 
conductance of tho 226 tubo is 1100 micromhos as comparod with 800 
for the 201A tubo under those conditions. Tho amplification factor of 
tho 226 tubo is slightly higher than that of tho 201 a tuba, 8.2 com- 
pared .with 8.0 
THE UY-227 TUBE 

This tubo, structually, is fundaanntally based on U.S. patent 
1,459,412, dated June 19, 1923, applied for in April 1915 by 


- 59 - 


ax. McL. Nicholson of thu 'Postern Electric Company, although no mention 
'-sh-tover is mr-io in the p_ tont of a-o op ; rat ion -nr. the inve-ntor probably 
di.. not have this in nine, aun are tv/enty-seven claims to this patent 
.Thich pretty v/ull cover the indirectly heatei typo of tub o. CL-in 4 
roads t 

" u thermionic transl: ting 
device comprising in insul- 
ating tube, a co- ting of 
thermionic; 1 ly ctivo mat- 
erial on tho outsido of said 
tube, arrl ho" t ing element 
nithin saia tube. ” 

In Doco-fo ;r 1922 H. M* Freeman, of tho West in^iousa Company, 
published : n article on an '—a typo of tube in the Electric Journal. 

In principle and in cert- in details tho tube described is very similar 
to the present 227 indirect hector typa of tuoo. It .vas, hovrevar, a 
double and 3d tubs* 

Dr. Hull* of the Research Laboratory, developed a conbin; t ion of 
S- throe 'lomont £ nl rectifying tubs in ona* v/hich .7a s called a 'tonopli- 
otron'*. His paper describing this tube, v/hi eh vft-s designed for a-c 
operation, vx.s presented before tho Institute of Radio Engineers end 
published in th.3 proceoaings of tnu I.R.E. in **pril 1923. - Undoubtedly, 
if the tron.v in radio broadcast reception had bjen of such s nature as 
to utilizo laxgo numbers of ona aid t?o tube sets. Dr. Hull’s kenopli- 
otron -Tould have been in common use today. 

In Juno 1925 those tubes r7ore first seriously discussed as a 
possiblo R.C.i.. product. A fe-.7 months prior to this McCullough, a former 
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enployee of the V7ost inghous e Company, >-=nd who was an. indopen lont tuba 
manufacturer, reive rt iso cl an a-c type of double emed tube 3 iniia-r to that 
dcscribad by Freeman. 

In July samples of tho Froaman type of doublo -ended tuba, 3ucli 
as wora featured in tho McCullough tuba and is still featured in the 
Kallogg tubas, together '.7itli samples of Dr. Hull's konopiiotron v?aro 
submitted to tha H. C. A. By October (1925) it was pretty v;ell estab- 
lished that radio sets within the no.;t few years would have give or more 
tubes, so that tho konopliotron would not saom £>3 applicable as the 
Fro a nan type . 

In April of the-noxt year (1926) the R.C.A. b oca no interested in 
tho hoator t ;ypo of tu'oo and asfeod for further sanplas with cost estimates. 
In Juna the designation UX-225 was assigned and in July tho R.C.,6. placed 
an order for 1000 sarsples fron each factory of theso double endad heater 
tubes. During Kovenbor tho r/ostinghouso Donpuiy suggested the one end 
construction with a five pin base. At this ti.no and during tho next 
fow months there was considerable discussion os to tho relative useful- 
ness of the heater typo tube in comparison with the low filament voltage 
"r aw" a-c type • 

During 1927, while thoro was still these differences of opinion, 
tho Marconi-Osram Company in England announced their a-c heater type 

tuba. 

During this period tho set engineers of the General hisctric and 
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Wostinghouse Conp-nios hod been 7/orking on the design of a sot to util- 
izo a-c tubes. At a seating hold in March (1927) t snrrple sot was 
discussed and it was generally agrood that a satisfactory receiver could 
be built using low voltage ’’raw" a-c tubes. This decision appeared to 
render the hoator typo of tubo unnecessary at that time. It was only 
a few days later, however, who n it wa.3 found that this sample receiver 
did not meet requirements so that the need for the heater typ9 tuba was 
ro-introducod. 

By April tho heater type tubo was agreed to for the new Radiola. 
#17 design of receiver, the tuba to have a five prong base. At first 
a fivo volt heater filament was utilized, tho idea being to aid intor- 
changeability with a storage battery tuba. Later f- change was made to 
2g- volts as it allowed a simp lor and more rugged construction of the 
cathode and heater elements. The designation UX-225 was changed with 
tho adoption of the five prong base to Ay-225, then for commercial 
reasons to AY-227 and, at a meeting in April .7hen detailed, dimensions 
of the beso wore established, the present designation UY-227 was adopted. 
On May 21st (1927) the UY-227 tube was announced in tho Row York 
papers. 

The w-astinghouso Company suggest ed in Juno th;± the mosh plate 
be introduced to overcome grid emission difficulties. Ihis was a- 
doptad a little lator. During tho early part of the summer shipments 
Tiero started to the R.C.A. 
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In September Radioia #17 ms announced in which the UY-22 7 
tubo w 3 used for the detector. Difficulties wire soon reported in 
this set duo to poor life of the 227 tube caused by op. one irouiting 
of the hotter wire. 3y the end of the year (192 7) sb out half a 
million of th 3se tubas h: d boon marrufactu rod. They wore still giving 
difficulty due to opening of the heater wire . By L'ay 19 28 this 
difficulty hr d been practically eliminated. 

There had boon a great dac.l of difficulty in finding a proper 
antarir 1 for use : s the insulator between tho heater filament and the 
cathodo electron emitting surface. a material must be usod that has 
a low eloctric-1 leakage .7hen red hot, that hc-3 no reaction with the 
tungsten filament heater wire, that is relatively oasy to freo from 
ga3 and that does not deteriorate in high vacuum at high temperature. 
This problem was so lvod by tho General Electric Company by the use of 
magnesia. 

IXiring tho development of tho tube, there were encountered many 
difficulties due to hum from receiving circuits incorporating the tube. 
Soma of these were due to electrical leakage through tho insulator, 
stray electrons from the heater, electromagnetic and olectrostat ic 
induction, and a-c in the grid circuit due to the arrangement of the 
wir03 in the stem press of the tubo. These difficulties wore overcome 
by refinements in design and construction. 

Difficulty was also experienced from timo to time during th9 
development of the tube from noise a 3 distinct from a-c hum. Thi3 wa3 
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found 3ometinos to 03 duo to electrical leakage and probable movement 
of the hotter wire. Uiis sort of difficulty's bean largely overcome 
by refinements in design. 

Probably one of the grot. tost difficulties from the r..unuf f-ctur- 
ing viewpoint was tha difficulty of oxh-ust in co.npL.ris on with the 
filament typo of tube# This has boon overcame through intensive 
3tudy in each stags in the process of exhaust and in tho use of .sore 
power in tha high frequency heating of the interior structure of the 
tub 3 . 

The 227 tube i-s now roconnondod and used in recent fladiolas 
for amplification as well os detection. It has a total omission of 
about 125 milliamporos and an amplification factor of about 9 as com- 
pared with about 100 and 9 f 0 r tho 226 tube. At tho ISO volts mkxireum 
recommended piuto voltage it produces about 5 nilliamporos at 13|- 
volts grid b ia3 as compared with about 7|- milliampe ros for tha 226 
tuba. It has a mutual conductance of about 1000 micronhos at 180 plate? 
volts as ccnparad with 1170 for the 226 tubo at this plato voltago. 

THE HIGH AMPLIFICATION TUBS. UX-240 

A tube of tho 201-A type but having a higfc amplificat ion 
factor, particularly d03ignad for resistanco coupled amplification, 

71*13 first proposed and submittad to tho R.C.A. in tho summer of 1923. 
Thoy were not groatly interested in this typo of tube although it was 
finally adopted and tho type number assigned in tho latter part of 
1926 , It was announced in February 1927. 
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It f 3 amplification factor is 30 as compared /ith 8 for the 
201-A tube. The thoriatod tungsten filament is the s~.no as in the 
201-2 tub e • being designed for l/*i ampere at 5 volts. the maximum 

recommended B supply voltage of 180 operating through a 250,000 ohm 
plate resistor, with a negative grid bias of 3 volts, the plate cur- 
rent is 0,2 milliampores ani tho mutual conductance is 200 nicromhos. 

The voltage drop through tho plate resistor (250,000 ohms times 
0.0002 amperes) is 50 volts, so the actual voltage on the plate of 
the tubo under these conditions (180 less 50) i3 130 volts. 

UX-200A DETECTOR TU3S 

IXiring the early part of 1922, Dr. E. E. Charlton of tho Bo- 
saarch Laboratory at Schenectady made tosts of tubas as detectors that 
contained tho vapors of an alkali metal. 2s a final result of this 
work, a patent wu3 applied for in his name on the combination of a 
thoriatod filament and caesium vapor. Successful sample tubos werq 
-huilt by Dr. Charlton in 1923. 

In tho fall of 1922 Dr. Ihngmuir and Dr. ICingdon investigated 
tho phenomena occurring in those tubes and found that tho detector 
action wa3 traceable to the production directly at tho surfaca of the 
filamont, of positivo ions by the operation of tho filament in the vapor 
of the alkaline metal. This work resulted in a joint patent issued 


Nov. 8 - 1927 to Kingdon and L-ng^uir. 

In February 1925 samples woro built and tested. They were 
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siniU-r to the 201 A tu'oo with tho add it ion of caesium. They word 
originally doveloped to replaco tho erratic gas fillo'. detector tubo 
UV-200, honco tho adoption of tho number 200A. By June 1925 both 
tho Harrison and Clovolanl factories had nndo snail quantities of 
this tu'oo, sarsplos being submitted to tho R.C.A. in July. In October 
detail improvements wo ro made , principally an incroaso in tho ampli- 
fication factor, and further samples wo ro submitted to the R.C.^v. 
who a short ti.no later recommondou their adoption. ^ctual manufacture 
on R.C.A. orders '7as startoc about eipril 1926, tho tubo being an- 
nounced in May. 

In lino with all "soft'* detector tubes, tho 200-A tubo has 
certain limitations. Then receiving a powerful local station, no 
marked incroaso in signal strength will bo notice vith ti.o 200-d 
substitutod for a 201 -A tubo in tho detector socket of a radio receiv- 
ing set. 7/ith distance reception, however, the 200 -a tu'oo will show 
a nazked improvement.. a hiss i3 producad when the tube is first limited 
which will continue for one or two uinutos or until tho tube h- s warmed 
up* Tho tube has always given semo trouble duo to back-ground noiso 
and a howling disturbance" that occasionally happens. It has also givon 
some troublo duo to loss of sensitivity from olvctric' 1 leakage in tho 
atom. 

Tho demand for the tubo was not n3 gro/ t as the R.C.A. expected 
it would bo so that production was stopped in 1927, tho existing stock 
boing used until tho fall of 1928 when production /as again started. 
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The trend during tho past year or t 7C in r-uio receiver da sign 
has been toward a detector to handle higher vol tages rather than greater 
sensitivity, so there i3 every reason to believe that, unless some 
unforeseen development arises, the 200-A tube will gradually become 
obsolete . 

The thoriated tungsten filament taitas l/4 ampere at 5 volts, 
the plate current of the tube being 1 1/2 milliamperes at 45 volt3 with 
the grid return connected to the negative filament terminal. Under 
those conditions the mutual conductance is 656 micromho3, about half 
again aa much as that of the 201-A tube at 45 volts. She amplificat- 
ion factor is 20 compared with 8 for tho 201-A. 

UX-222 5GRUEIT GRID TUBE 

The electrostatic capacity between the grid and plate of a tnree 
element tube, causes a feed bacic of energy from the plate output cir- 
cuit to the grid input circuit of the tube which, under certain cir- 
cumstances, produces an unstable condition. By placing a screen, a 
shield through which the electrons can pass, between the grid and 
plate, the capacity effect between. those two elements can be very great- 
ly reduced. If the screen is grounded the electrostatic lines of 
force from the plate do not re ch the grid. If, in addition, the 
shield is made positive -with respect to the filament, seme of the space 
chargo limitation is reduced, resulting in a lower impedance. Such a 
four element tube has advantage over the three element tube, especially 
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in the amplification of rf dio frequencies where unstable conditions 
occur. It is for this purpose that the tuba is primarily dasignod. 

Tho screen grid nay, however, oo used as the controlling grid 
instoad of using the inner grid for this purposo and, if a suitable 
positive potential oe put on tha inner grid, tho impedance of the tube 
'rill bo lowered. Then using this "space chargo grid" connoction, 
tho tubo has a high amplification factor and a high mutual conductance 
(without tho stability foaturo however). iSiasj aro of value in am- 
plifying audio frequency currents whore unstab 13 conditions aro loss 
apt to occur. In both tho "scraen grid" and "space chargo grid" 
connactions, special circuit conditions ar3 necessary. 

In 1919 7. Schottky in Germany published an articla on a form 
of tuba in which thora wt s a shield between tho grid r-nd plate. How- 
ovor, this tubo was not dasignod for radio frequency use. In tho fall 
of 1923 Dr. Hull and Dr. Williams of tho Research Laboratory at 
Schonoctaay started their work on tha scroan grid tubo. 

An interest ing circumstance occurred in 1924 during the develop- 
ment of tho tube. The General Electric Company had brought out tho 
Armstrong sacond harmonic supe r-h9torodyne receiver. This receiver had 
such high sensitivity that it was possible to obtain satisfactory opera- 
tion with a loop only ono foot in diameter and the first sots were pro- 
vided with such a loop. Under these conditions there was observed a 
loud hiss whenever tha receiver was tuned to the unmodulated carrier 
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wave of a station, that is, a station which is "on the air" out not 
broadcasting at the morn on t. 

This hiss was a loud enough noiso to be annoying and the Re- 
search Laboratory at Schenectady was asked to investigate its cause. 
Considerable data had been accumulated by the hadio Department of the 
G.E« Cornoi ny on the characteristics of this hiss. After discussion 
vith Dr. Langmuir, Dr. Hull, and others in tho laboratory, it seemed 
probable that in this case the limit of amplification nad boon reached, 
owing to the fundamental phenomenon that oloctricity is supposedly 
composed of finite jlectrons instead of being a continuous fluid. 

In oth3r words, there v;as being observed a roughnoss due to the 
grain size of electricity just as one reechos a limit of magnification 
of a photograph •more the details of the picture are obscured by tho 
graininoss of tha photographic plata. This phenomenon had been pre- 
dicted on theoretical grounds by Schottky and was designated by the 
name "Schrott" (shot affect). Investigation indicated that this was 
tho cause of the hiss. 

T3ie hiss depended, as had been predicted, on tha magnitude of 
tha plate current of tho first tube, on the ch'rga of the electron and, 
to a slight extent, on tho circuit constants. In subsequent receiving 
sets, a separate oscillator was used sa that a much smaller plate 
current could be employed in the first tube. Tnis reduced the hiss to 
about one-fifth of the former amount. 
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In order to make those tests it was necessary to build a high 
frequency amplifier -,7hich ,vould amplify about 100,000 fold in voltago 
and bo sufficiently st-.ble so that diff orent input circuits could bo 
usee ’Without changing tho amplification. It seemed hopoloss to at- 
tempt thi3 ,?ith three olemont tuoos so special screen tuoos wo re 
nado for tho purpose 7/hich proved exceedingly reliable 

Thi3 ;vo rk oncouraged Brs^iull and Lillians to continue further 
oxperinental -rork on tho screen grid tubo during 1924 -nri 1925. In 
March 1924 tho Harrison Dorics reads up tho first factory built saciplos 
of those tubes. In July 1926 tho R.C.A. was given saqplos, tho desig- 
nation UX-222 being assigned in NOVj.nb-er 1926. In tho latter part of 
December 1926 a sot incorporating those tubes was submitted to tho 
R.C.A. but was noithor approved nor recoomondod. In February 1927 tho 
Cleveland factory started a snail but regular production of tho tuoo, 
tho tubo being announced by the R.C.A. in October of that year. 

Tho two filament terminals and the plate terminal are connected 
to their usual prongs on tho UX base, tho sersen surrounding the plate 
(sometimes called tho outer grid) being connected to tho grid prong 
of tho base. Tho inner grid is connected to a cap on top of the bulb. 

Tho theriatod tungston filamont consumes 0.132 amperes at 
3.3 -volts. Operated as a "screen grid" tubo with the maximum of 135 
volts recommended on the plate, v/ith ^5 volts positive potential on 
the screen and with a negative bias of 1 l/2 volts on the inner 
(control) grid, the plate current is 1.5 millia:qpor-os , the screen also 
talcing 0.15 millla.peres. Undor the so conditions the mutual conduc- 
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tanco is 350 micro-mhos and tho amplification factor 300. 

Operated as a "spaoo charge grid” tub3 in a resistance 
coupled audio amplifier v/ith tho maximum racoranendad B supply voltage 
of ISO connected to tho plate of the tube through a resistor of 
250,000 ohn 3 , with a negative bias of 1 l/2 volts on the screen (the 
outer) control grid and with 22 l/2 volts positive on tho inner grid, 
tho plate current is 1.5 nilliareperos and the inner grid current i3 
6 millianperos. Tho reutual conductance then is 400 micromhos and 
the amplification factor 60. 

KECTIFIEB TUBES 

When an alternating potential is placed between the fila- 
ment and plate of * tube, current will only flow through the tubo 
when tho plat e is positive, liras a pulsating direct current can be 
obtained from an alternating source, such as tho a-c electric service. 
By stepping up tho a.c. servicj through a transformer, a high a.c. 
voltage can be obtained that can bo rectified into a pulsating d.c. 
voltage \diich, with a suitable filter, will produce a substantially 
constant d.c. supply of tho desired voltage for tho plate current 
of radio receiving tubes. 

A two element tube, containing a filament and plate, is 
the so-called "half -wave” rectifier as the negative half of the d.c. 
current i3 not rectified, no current flowing fran tho filament to 
tho plate when the plate is at a negative potential, * "full wave” 
rectifier can be obtained by having two plates in a tube with two 
filaments connected in series, one for each plate, connecting the 
filaments through the filter and d.c. load to a central tap on the 
transformer secondary coil, one plate being connected to one end of 



the secondary and the other to tha other end of the secondary. 

Thus when one plate is at a positive potential with respect 
to the filamont during one half of the a.c. cycle, the other plate 
i 3 negative, currant flowing only to the one plate which is positive. 
During tha next half cycle, tha polarity of the plates is reversed, 
current then flowing only to tho other plate. By this means pulsating 
d.c. current is flawing, during both half cycles, in the tube. 

Two half wave rectifier tubes can be so connected that one 
rectifios one half cyclo and tho other th3 other half cycle, thus 
producing a full wavo rectifier. 

THE UX-213 FULL WAVE RECTIFIER TUBS 

Torlc on this tube was started in tha fall of-. 1923. The 
first plans ware for a tube to deliver only 10 mil li amp-ares at 90 
to 100 volts, but during tho course of dovalopment the demand for 
voltage and power from those tubes increased rapidly. In December 
1923 (which was oof ore the adoption of tho ux base) the R.C.A. as- 
signort tho designation UV-213 to this full wave rectifier tu'oo. 

In March 1924 thore was again a demand for further out-, 
put and a redesign was made, tho final design being arrived at during 
tho summer of 1924. The thcriatou tungsten filament was rated for 
2 asperse at 5 volts which produced a total amission of about 350 
milliampores . During the paaic of the a.c. cycle the peak of the 
pulsating d.c. tube current maybe very high, more than twico tha 
normal d.c. output current, when the tube feeds into a condenser as 
tho first part of tho filter system, tho usual rothod. This is 
largely dua to tho inrush current charging tho condenser, Tho maxirmm 
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output currant should therefore bo much loss than tlio total omission 
and in this tuba it was rr.ted at 65 millianpceres for both plates. 

The maximum r ecommendod a.c. voltage par plats was 220 (making 440 
volts between plates) which produced a pulsating a.c. output voltage 
of 170 volts at tho input of a filter system at tha maxirarn d.c. 
output current 65 M.A- Tho filtered d.c. voltage of course wa .3 lQ3s 
than this, depending upen tho resistance of the filter system. 

In December 1924 it did not look as if this rectifier tubo, 
which was called a "Roctron" would find inmod iat e application in 
Radiola so t3, nor was it favored for sale by tha R.C.A. However, in 
February 1925, this attitude changed and 3umplos were submitted, to the 
R.C.A. As late as the su.mor of 1925 the R.C.A. was not interested, 
thoy were favoring tho use of dry Cell tubes and B batteries, out tho 
UX-213 tuba was finally announced by them in September 19 25. 

As late as March 1926 the sales -wero very limited. This 
was largely due to tho faot that the Raytheon tube (a neon gas rectifier 
tube), had boen placed on tho market ahead of tho UX-213 and practically 
all of tho B eliminator manufacturers were incorporating this Raytheon 
tube in their equipments. 

In the UX-213 (and the 280 which superseded it) the plates 
are connected, one to the pluto prong and the other to the ordinarily 
used grid prong of the UX base. The thoriate . tungsten filament is 
connected to the two ordinarily use . filament prongs. 

In the fall of 1927 the 213 tube was no longer listed, having 


been superseded by the 280 tuba. 
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THE UX-280 FULL XV3 RECTIFIER TUBE 

In January 1927 the Vtestin^ouse Company starts work on 
a design of higher capacity rectifier tube to supersede the 213 
tube, ani this now tube '.vas tentatively agreeu upon in .april, the 
designation UX-280 being applied in May of that y^ar. 

The filament is the oxir.e coated typ-e, designed for the 
same amperes and voltage (2 amperes at 5 volts) as that of the thor- 
iatad tungsten filament in the 213 tube. The filament emission is 
over 400 roi lli amperes, the rated maximum d.c. output current being 
125 ailliamper js, nearly twice that of the 213 tube. The maximum 
recommended a.c. voltage per plate i3 300 volts (600 volts between 
plates). Thi3 maximum has recently been increased to 350 volts. 

With 300 volts a.c, the output voltage at maximum output current 
(125 LI. A.) as applied to the input of the filter, is 260 volts d.c. 

In order to assist in the dissipation of heat from tho 
plates, they are coated with carbon. Tho tuba was announced by the 
3.C.A. on May 22, 1927. 

THE 216 Hi'.LF 7aVS RECTIFIES TUBE 

The first half wave rectifier tube, known as UV-216, was 
put on sale in 1521. It had a pure tungsten filament designed for 
2.35 amperes at 7 l/2 volts. The tube wae primarily intended far tho 
plate current supply for the 5 watt transmitting tuba, producing about 
50 milliauperes at about 350 volts, the filitaent emission being about 
100 milliamporos. The designed, a.c. input voltaga was 550 vslts. 

In the fall of 1924 work was started on the design of a half 
wave roctifior tuoo utilizing a thoriated tungsten filament. In 
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December the designation 216A was applied by the R.C.A. to this 
tube. This designation was later changed to 216 b because the desig- 
nation 216A was utilized by the Astern Electric Company in a tube 
they merchandised for loud speaker use. 

By August 1925 the tubo was in production and ®as an- 

% 

nounced and put on sale by the R.C.A. about September 1925. In tjie 
fall of that year, the tube r/as in uso in connection with the #104 
R&diola loud speaker and the Uni-rectron, the latter a B battery 
eliminator which also contained a 210 tubo as a last stage high power 
audio output tuba. 

The thoriated tungston filamont of the UX-216B rectifier 
tuoo was designed for 1 l/4 amperes at 7 1/2 volts. The filament 
emission was about 350 mi 1 1 iampe re s . The maximum recommended a.c. 
plate voltage was 550 volts, the maximum d.c. output current 65 rail- 
liampores at 'which d.c. current and b.cv plate volts produced 470 
pulsating d.c. voltage at the input of tho filter. 

This tube was superseded by the UX-281 rectifier tube due 
to f ilament breakage and tho neod for greater output on new equipments, 
the 216-3 tubo being' no longer listed by tho R.C.a. in tho fall of 
1927. 

TFE UX-281 HALF 7A7E RECTIFIER TUBE 

In tho early part of 1927 work on tho development of thi3 
tube wa3 started. In April of that year definite plans had been com- 
pleted and tho designation UX-281 applied in May. 

Tho tube has an oxide coated type of filarmnt of the same 
^current and voltage (1 1/4 ampere at 7 1/2 volts) as the 216B tube 
it superseded. The filament emission i3 about 600 milliasperas. 2ie 
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maximun a.c. plate voltage is 700, the maximum d.c. output current 
i3 85 mi Ilia: spares at 'ohich 620 cl.c. volts are produced at the filter 
input . 

In half vave rectifier tubes the normal grici prong is 

unused. 

UX-874 70 LT-i- GO REGULATOR TUBE 

It has been xno.m for many years that a glow discharge 
has approximat ely a constant voltage drop over quite a ’vide range of 
current. In the latter part of 1924, Dr. E. E. Charlton made some 
sample glow tubes containing two elements, an anode and a cathode 
operating in a low pressure of noon gas. Current passes from one 
element to the other by ionization of tho gas, the voltage drop re- 
maining approximately constant at about 90 volts, the variation in 
voltage being but about plus and minus 11/2 volts with 20 aillit 
ac^xeres variation in current above and belov/ the normal 30 mi 1 1 i a.i- 
poras (from 10 to 50 m. a. ) . Tho normal voltage may vary in indiv- 
idual tubes from a little more than 80 to a little less than 100 
volts. 

The int ended use of tho glow tube is to maintain an approx- 
imately constant 90 volts across the 90 volt tap of a B elimator. 

To start the glow about 125 volts d.c. is required. Sufficient re- 
sistance must be used in series with the tube to limit the current to 
50 milliamperes. 

^orlc on the tube in the factories ?,&s started in March 
1925 and was along the lines of neon gas with caesium or potassium 
S3 a getter. In the fall of 1925 the *festinghouse factory at 
Bloomfield found that the use of another getter, such as misch-metal 
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(a mixture of t'na rara oart h metals ) and argon, gave nearly equiva- 
lent characteristics and later, for certain manufacturing and per- 
formance reasons, the production was chaaged over (the G»E« factor- 
ies in March 1927) to this type. 

Use of this tube in radio equipments wa s started in the 
fall of 1925 and considerable difficulty was encountered for a few 
months in meeting the requirements in Radiola receivers. By the 
early part of 1926, however, the demand had fallen off to a consid- 
erable extant as far as now equipments wore concerned. 

In the 1927 Radiolas, this tube was not employed and it 
has bean used to a lessor and losser extent since then. It is 3till 
listed by the R.C.A. but is sold only in small quantities. 

Looking at tho bottom of the UX base, -with the pin on the 
sido of the base pointing upward, tho negative element (tho cylinder) 
is connected to tho loft hand filament prong and the positivo element 
(the wire) is connected to tho upper right hr.nd prong (the normal 
grid prong). The othor tw/o prong3 (tho other filanent prong and tho 
noimf-l plate prong) are connoctod together in tho baso and this short 
circuited connection may be used as a lino switoh in tho transformer 
primary. Uith this connection, tho eliminator cannot bo turned on 
until the tube is inserted in tho socket nor can tubes bo interchanged 
in such a way as to damage either tho equipment or the tubes thonw 
selves. Two 874 tubas may bo placed in series to obtain 180 volt 
regulation, a canter tap ootwoen tho tubos then providing 90 volt3. 
CURRENT REGULATOR (BALLAST) TUBBS. U7-876 and UV-886 


Those tubes wore designed to insure constant input to power 


operated radio receivers despite fluctuations in tho service line vol t- 
ag o . They were especially built for tho #104 Ra^iola loud speaker, 
the UV-876 used when the speaker v/a s operated from a sixty cycle supply 
and the UV-886 when operated from a forty cycle supply. They have not 
been U30d in any of the more modern Radiola sets. 

Those tubes contain an iron wire filament operating in hydro- 
gen gas. Iron operated at about a certain temperature has a very steop 
resistance characteristic, that is, a slight increase in cnrrjnt 
through the filament producing a slight increase in temperature, causes 
a great increase in resistance, and vice-versa. This principle was 
used more than twenty years ago in tho Uomst lamp ballast. Thus, 

■with tho normal current of 1.7 amperes flowing through tho iron wire 
filament in the UV-876 tube, a voltage drop of 50 volts i3 produced 
across the filament. If the voltage be increase 10 volts, tho current 
irill increase but 0.03 amperes and vice versa. 

The UV-876 tuba is placed in serios with tho primary of a 
transformer designed for 1.7 amperes current in the primary coil and 
consumes normally 50 volts of tho 115 volt lighting circuit. If the 
sane transformer is used on 40 cycles (instead of 60 cycles) the 
primary current would be 2.05 amperes for which tho UV-886 is designed. 
On a lighting circuit normally 115 volts, the voltage on tho primary 
of the transformer is 65 volts, (115 loss 50). If the lighting cir- 
cuit voltage drops or rises 10 volts, th9 voltage across the ballast 
tube will change accordingly and voltage across the primary coil of 
the transformer will remain practically constant at 55 volts. 

The tubo requires several minutes to heat up, tho voltage drop 
increasing rapidly for the first throe minutes and than slowly 
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up to about ten minutes, by which time the tube has reached its final 
temperature. During this interval the voltages on tho tubes in the 
radio receiving set .vill be slightly high but \7ill not exceed safe 
values. 

The tube, i3 filled with hydrog'en gas and if air leaks into 
the bulb a gas mixture may oe formed which, if ignited by the hot 
iron wire filanent, may cause a violent explosion. Suitable pre- 
cautions must always be taken by enclosing the tube in a metal housing 
properly ventilated. 

The base is the ordinary unskirted mogul screw as used on 
the larger sizes of LIAZDA lamps. 

£R0TECTI7E TUBE U7-S77 

Thi3 has a tungsten filament operating in vacuum in a bulb 
fitted with a double contact bayonet candolabra base. Tungsten has a 
positive resistance characteristic, a slight increase in current pro- 
ducing a considoraole increase in resistance . The tube is designed 
for uso in radio receiving sets to limit the current drawn from the 
B battery in case of short circuit. The tube was put on the market 
in 1925 but as it was not used to 0 great extent it was removed by the 
R.C.A. from their price lists in 1926. 

Tha tube is connected between the first and second blocks 
of 45 volt 9 batterios. The shell of tha base connects with tho center 
point of tho filament and with the 45 volt tap on the radio set. With 
a current of 20 milliamp3res flowing through the fi. lament, tho voltage 
drop will 00 2 l/2 volts across each half of tha filament or 5 volts 
across tho entile filament. With a current of 90 nilliamperes the 


voltage drop will be 45 and 90 volts respectively, thus preventing the 


current rising to dongerou3 values in case cf short circuits in 
the sot, especially protecting the filanents of tubes from burn out 
•Aon they aro accidentally connocted to the B'oattery circuit in the set. 

The tube is not suitablo for use in sets in which the total 
B battery current c onsur.ip tion is none than 25 millianperes. 
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